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CIRCULAR STRUCTURES 
IN THE ARCTIC ISLANDS* 


I. C. BROWN 


ABSTRACT. In indexing the 1950 R.C.A.F. air photographs of the 
Arctic Islands several peculiar circular forms were noticed on Melville 
and Ellef Ringnes Islands. Possible origins of such forms are considered 
and discussed with reference to the air photographs. It is concluded that 
the forms are probably the result of intrusions of igneous rock in the 
form of ring dykes and stocks or laccoliths into flat lying sedimentary strata. 


URING the indexing of the 1950 R.C.A.F. trimetrogon 

photographs of the northern Arctic Islands several 
peculiar features were noticed and brought to the attention 
of the Geological Survey of Canada by Mr. B. W. Waugh, 
Surveyor General. In view of the interest created by the 
recent finding of the large meteoritic crater in northern Quebec 
it was thought that it might be of interest to try to deduce the 
origin of these peculiar forms. 

Two are located on the Sabine Peninsula at the north tip 
of Melville Island (fig. 1) and are shown in R.C.A.F. photo- 
graphs T428C-160, 161, and 162 and another, to the north- 
and 222. One structure is covered by vertical photographs 
and the other only by oblique photographs. Several more are 
located 200 miles northeast of these on Ellef Ringnes Island 
(fig. 1). These are more irregular in shape but may have a 
similar origin to the forms on Melville Island. The southern- 
most form on Ellef Ringnes Island is shown in vertical photo- 
graphs T428C- 160, 161, and 162 and another, to the north- 
east, in oblique photographs T428L-157, and 158. Two small 
forms to the northwest, on Ellef Ringnes Island, are shown 
in vertical photographs T411C-35, 36, and 37. 

Little is known of the geology of the region, but the rocks 
on Melville Island are shown on the Geological Map of Canada 
(Map 820A) as Upper Paleozoic and those on Ellef Island 
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are probably Mesozoic. So far as is known, these features 
have never been investigated on the ground and all data must 
be drawn from air photos. 

The southernmost form on Melville Island (plate 1) is 
almost circular, 4 to 414 miles in diameter, and rises 739 feet 
above the surrounding flat country. The highest point is 1,050 
feet above sea level. An outer ring, marked by a change in 
colour from dark outside to light inside (dashed line in fig. 2), 
is, apparently, not a structural feature but may represent a 
change from bare talus slopes to lichen-covered material on 
the flat ground. Beyond it, no structures appear to be re- 
lated to the main feature. Within this outer ring is a high 
ridge of massive, dark material that extends almost com- 
pletely around the structure (shaded area in fig.2) and ap- 
pears to have a very steep or vertical dip. The centre of the 
circular form is an irregular topographic dome 100 feet higher 
than the surrounding ridge. Much of the dome is covered 
by unconsolidated debris. Features that could be contorted, 
steeply dipping, sedimentary beds are seen both inside and 
outside the high ridge; many of these are outlined in fig. 2. 
Streams flow radially out from the centre and cut directly 
across the outside ridge in deep gorges (plate 2). This pat- 
tern indicates considerable erosion, and is probably consequent 
from an older surface. The surrounding country is relatively 
flat and has a dendritic drainage pattern that, together with 
the large deltas built by the streams, suggest very soft or un- 
consolidated material possibly glacial in origin, (plate 2). 

Ancther form 8 miles northeast of the first is seen on the 
coast in the background in plate 2. It is strikingly similar 
to the one already described except that no contorted bedding 
is seen, though the form is so far away that such details, 
even if present, may be obscured. 

On Ellef Ringnes Island the southernmost form is an 
elliptical structure about 4 miles long by 2.8 miles wide 
(plate 3). No accurate measure of the relief has been made 
but it is estimated to be between 500 and 1,000 feet. The core 
of the structure is a high, deeply dissected, flat-topped, topo- 
graphic dome formed of a massive, structureless rock which 
weathers to a rubble. Around this are concentric rings formed 
by the upturned edges of sedimentary beds. The beds dip 
away from the central core with dips becoming steeper as the 
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Melville Island, District of Franklin, Northwest Territories. 
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core is approached. Next to the core the beds dip steeply to 
vertically and form an irregular wall around the central core. 
Drainage of the core is largely by one stream flowing south 
through a deep gorge. The drainage appears to have been 
originally radial, as it still is in the sedimentary beds, but one 
stream broke through the rim at a low spot and rapid head- 
ward erosion resulted in the capture of the upper portions 
of the other streams. The surrounding country is flat except 
for a few escarpments formed by the eroded edges of flat lying 
sedimentary beds. The drainage pattern is dendritic. 

To the northeast of this form is a similar though larger 
one shaped like an irregular dumbell some 20 miles long and 
7 miles wide at the ends (plate 4). At the present level of 
erosion it has two massive cores but the structure of the sur- 
rounding sedimentary rocks suggests that these are joined at 
depth. Apart from shape the structure is similar to the other 
form on Ellef Ringnes Island and the same arguments apply 
to both. 

Northwest of these are two small circular forms approxi- 
mately 1 mile in diameter. These consist of circular high 
ridges of massive material surrounding a central basin. Both 
forms have an opening through the ridge and there is no 
evidence that the ridge was ever continuous across the open- 
ing. No structures are visible in the material inside of or 
surrounding the circle to indicate what the bedrock is. The 
dendritic drainage suggests soft glacial deposits. 


Forms with circular topographic expression might be due 
to any of the following processes: 

Meteor crater 

Dome in stratified rocks 

Frost action 

Atoll 

Laccolith or stock 

Cryptovoleanic structure 

Mud volcano 

Volcanic—( Volcanic) cone 
(Volcanic )dome 
(Volcanic)spine 
Caldera—simple 

explosion 
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9. Ring dyke 
10. Salt dome 


The chief reasons for and against each of these origins, so 


far as they can be deduced from air photographs, are as 
follows : 


1. Meteor crater.—Meteor craters are known to produce 
almost perfectly circular forms with high rims. The largest 
meteor crater so far found is in northern Quebec. It is about 
2 miles in diameter, considerably smaller than all but two of 
the forms mentioned. A meteor crater, as the name implies, 
commonly has in its centre a crater rather than a dome, and, 
the centre would be expected to be filled with debris rather 
than with massive rocks or rocks that appear to show steeply 
dipping, contorted bedding. Also, the drainage pattern on 
the Melville Island and Ellef Ringnes Island forms suggests 
that the centre was originally high rather than a crater. The 
incomplete circular ridges of the small forms on Ellef Ringnes 
Island give no indication that they were ever complete circles 
as a crater would be originally. 

Radiating marks and concentric pressure ridges are some- 
times found around craters formed by impact, but none are 
seen about these forms. Further, it seems extremely improbable 
that two meteors so similar in size would land so close to- 
gether as would be necessary on Melville Island. 


2. Dome in stratified rocks—Circular domes in stratified 
rocks are rare but have been found. A simple structural dome 
would be expected to show concentric rather than contorted 
structures as on Melville Island. Also it is difficult to under- 
stand in this case how two isolated domes could be formed with 
no visible folds in the surrounding rocks. The concentric beds 
around the cores of the forms on Ellef Ringnes Island are good 
examples of a dome in stratified rocks but the very steep dips 
close to the massive core require some explanation other than 
simple folding or depositional doming over a hill in massive 
basement rocks. 

3. Frost action.—The size of the forms, 1 mile to 20 miles 
across and with a relief of hundreds of feet, seems to rule out 
the possibility of frost action, as circular forms known to 


have this origin are commonly only a few tens of feet in 
diameter. 
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4. Atoll—Atolls with circular forms are rare and atolls 
probably represent only a temporary stage of reef development 
so it seems unlikely that the circular form, if developed, would 
be retained on deep erosion such as is indicated by the drain- 
age pattern in the photographs. Atolls commonly form on 
submerged domes, ridges, or volcanic peaks and the struc- 
tures in the photographs stand up out of uniform compara- 
tively flat areas. This origin does not seem probable. 


5. Laccolith or stock.—Rocks domed by intrusion from be- 
low, as a laccolith or stock, show concentric structures, partic- 
ularly in the outer, more gently upturned beds, and, if 
erosion is deep enough, a massive crystalline core. This is 
exactly what is seen in the larger forms on Ellef Ringnes 
Island. The core is massive and weathers to a rubble as do 
many igneous rocks under arctic conditions. Surrounding the 
core are concentric sedimentary beds which have been bent 
up more and more steeply the closer they are to the core. 

The forms on Melville Island do not show concentric struc- 
tures except for the massive ridge. Steeply dipping, apparently 
contorted beds are seen right to the outside edge of these forms. 
Contorted beds might well be present in the sedimentary cover 
over an intrusion if erosion had not yet exposed the core but 
they would not be expected to be found right to the edge of the 
structure with no sign of gently dipping beds around them. 

The small forms on Ellef Ringnes Island show no sign of a 
crystalline core nor of doming up the surrounding rocks. 

Intrusion of a laccolith or stock into flat lying sediments 


seems a logical cause of the large forms on Ellef Ringnes 
Island but not the other forms. 


6. Cryptovolcanic structures —These are large, circular 
structures found in areas of flat-lying strata. They are formed 
by settling of a circular area or the rim of such an area with 
the centre standing high. The exposure of such structures by 
erosion might afford the forms seen in the photographs. The 
interior of a cryptovolcanic structure is cut into many ir- 
regular, angular pieces by small faults, and it might be ex- 
pected that erosion would expose at least a few of these so 
they could be seen. The interiors of the circular forms photo- 
graphed show some apparently contorted bedding structure, 
but afford no suggestion of faults or angular fault blocks. 
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7. Mud voleano.— Some mud volcanoes are known to be 
of great size, but the material in the structures seen in the 
photographs seems to be consolidated rocks of differing hard- 
ness rather than an eroded pile of mud. 

8. Volcanic.—Eroded volcanoes or calderas could be of 
circular form. If the forms on Melville Island are eroded vol- 
canic piles, more concentric structures would be expected. 
The only structure that can be followed even approximately 
around the circle is the high ridge. Even if erosion were so 
deep that only the volcanic neck were now exposed it would not 
be expected to be so perfectly circular, and the centre should 
be composed of igneous rock whereas it appears to be sedimen- 
tary. Radial dykes are common in eroded volcanoes, but none 
are seen in the photographs. The apparently contorted bed- 
ding and steep dips do not agree with an eroded volcanic pile. 
Similar arguments apply to structures formed by intrusion 
of a volcanic dome or spine. The central part should be igneous 
but it does not seem to be. 

On Ellef Ringnes Island the perfect concentric arrange- 
ment about the central core does not agree with a volcanic 
origin as a volcanic pile is more likely to show lenticular beds 
and radial dykes. Also the core is very large for a volcanic 
vent. It seems highly improbable that a volcanic dome or spine 
could have formed structures of this size. 

A simple caldera subsidence would be expected to leave a 
depression rather than a raised area, and the drainage sug- 
gests originally raised centres in all but two small forms. If 
the forms on Melville Island were explosion calderas filled 
with their own debris the contorted beds seen in the pictures 
might be explained as of tuffaceous origin, and the high ridge 
might be a sharply upturned resistant bed or an intrusion 
around the edge of the explosion vent. Explosions of this type 
sometimes disrupt the beds for only a short distance from 
the vent. Two such explosion calderas might conceivably form 
within 8 miles of each other, though this does seem rather 
close considering the size of the structures. Of the various 
volcanic origins suggested that of explosion caldera seems the 
most plausible in this case. 

The centres of the forms on Ellef Ringnes Island appear too 
massive to be debris filling an explosion vent and an explosion 
capable of creating a vent that size would certainly be expected 
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to do more than simply dome the rocks up evenly all around it. 
For these particular forms this origin seems unlikely. 

9. Ring dyke—Ring dykes are dykes intruded into frac- 
tures that have the shape of cylinders or cones with their axes 
vertical; that is, the outcrop is circular and the dip is most 
commonly toward the centre of the circle though it may be 
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Plate 1. Vertical view of circular structure, Sabine Peninsula, Melville 
Island. Structure is 4 to 414 miles in diameter and rises 739 feet above 
the surrounding country. (R.C.A.F. photograph T411C-225) 
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Plate 3. Vertical view of circular structure, west coast of Ellef Ringnes 
Island. Structure is approximately 3 miles in diameter and rises about 
500 feet above the surrounding country. (R.C.A.F. photograph T428C-161) 
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vertical or outward. Ring dykes are known in many parts of 
the world and commonly the outcrops form nearly perfect 
circles or arcs of circles. 

The high, massive ridge in the forms on Melville Island 
(plate 1) could easily be composed of igneous rock, and if so 
there is no reason why it should go completely round the circle. 
Under the stereoscope there is a suggestion that the material 
of the ridge dips steeply toward the centre of the circle and 
cuts the contorted sedimentary beds, but talus slopes mask 
most of the contact. The effect of the intrusion of a ring 
dyke may not extend far outside the dyke whereas the central 
area may be highly disturbed, as seems to be the case in these 
structures. 

In Scotland, ring dykes are known to occur close together, 
so the presence of two such similar structures in this instance 
is not hard to understand. Mesozoic volcanic activity is known 
in eastern Greenland, and other young intrusions have been 
found in the Arctic. A ring dyke intrusion could sng the 
structures on Melville Island. 

The high incomplete rings of the two small forms on Ellef 


Ringnes Island could be ring dykes but so little structure of 
any kind can be seen that nothing more can be said. 
The large forms on Ellef Ringnes Island show no sign of a 


ring intrusion but only a massive central core with domed 
sediments around it. 


10. Salt dome.—Salt bodies are known to produce domes, 
commonly irregular, in their covering rocks and to distort the 
beds immediately above and around the salt core. The largest 
salt domes known in North America are 2 and 3 miles in 
diameter and produce mounds with a maximum height of 200 
feet. In Persia, salt domes that reach the surface have max- 
imum diameters of 5 to 6 miles and rise 4,000 feet above the 
surrounding country. 

Salt domes, in penetrating the overlying rocks, crumple the 
rocks immediately above the salt core and turn up the edges 
of beds around it. Thus, the beds surrounding the dome should 
form roughly concentric outcrops dipping away from the 
centre, and as previously noted, there is no evidence of this 
on Melville Island though it is well displayed on Ellef Ringnes 
Island. The cores of the latter forms are massive and if a salt 
dome were eroded down to the massive core in a climate such 
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as that of the Arctic Islands considerably more erosion by 
solution would be expected than is evident in the photographs. 

As yet no evidence of salt has been found in the Arctic 
Islands, but this does not rule out the possibility of salt being 
present, as the region is large, and information is scanty. 
The circular forms could be due to salt domes, but with present 
information it seems improbable that they are. 


CONCLUSIONS 


The origins that might possibly explain the forms as seen 
in the photographs are ring dyke, laccolith or stock, salt dome, 
and explosion caldera. Of these the ring dyke hypothesis seems 
the most plausible for the forms on Melville Island, and possi- 
bly for the small ones on Ellef Ringnes Island, while the intru- 
sion of a laccolith or stock is the most logical cause of the large 
forms on Ellef Ringnes Island. Late intrusions have been re- 
ported from Baffin Island, and, as mentioned above, Mesozoic 
volcanic activity is known in eastern Greenland; thus it is not 
unlikely that there have been intrusions in other areas of the 


Arctic and that these should penetrate the flat lying strata 
in the form of ring dykes, laccoliths, or stocks. 

It should be kept in mind, however, that the ideas presented 
here have been arrived at after study of air photographs only, 


and that without ground study no positive conclusions can 
be drawn. 
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REVISIONS IN THE GEOLOGY OF 
SARATOGA SPRINGS, NEW YORK 
AND VICINITY 


DONALD W. FISHER and GEORGE F. HANSON 


ABSTRACT. Evidence is presented to substantiate a radical change in 
the interpretation of the Paleozoic stratigraphy of the Saratoga Springs 
region. The previously accepted sequence of beds (Potsdam sandstone, 
Theresa formation, Hoyt limestone, Little Falls dolomite, Amsterdam 
limestone, Trenton limestone, Canajoharie shale) is revised to read Potsdam 
sandstone, Galway formation, Hoyt limestone, Ritchie limestone, Mosher- 
ville sandstone, Gailor dolomite, Lowville limestone, Amsterdam lime 
tone, Trenton limestone (Rockland ? , Hull, Sherman Fall representa- 
tives) and Canajoharie shale. As the term “Theresa” is rot applicable 
in this area, the name Galway formation is reintroduced for strata younger 
than Potsdam and older than Hoyt. Lower Ordovician beds have been 
traced into the Saratoga region from the Mohawk Valley and constitute 
most of the dolomite which has heretofore been regarded as Little Falls 
dolomite (Upper Cambrian). A revised geologic map of the Saratoga 
region is presented embodying the results of the investigation. 


INTRODUCTION 


HILE the senior author was engaged in geologic investi- 

gation of the Lower Ordovician strata of the Mohawk 
Valley, it became increasingly apparent that further informa- 
tion was essential before accurate stratigraphic interpretations 
could be established. The position of the Cambrian-Ordovician 
boundary was perplexing, as unfossiliferous dolomites conform- 
ably underlying beds with an indisputable Ordovician Tribes 
Hill fauna revealed no evidence as to their correct geologic age. 
In the hope of finding a solution, the present authors focused 
their attention on the critical, more fossiliferovs, classic local- 
ity to the northeast, that of Saratoga Springs and vicinity. In 
doing so they found that the previously accepted succession 
of beds was not the true one (fig. 1, revised and former strati- 
graphic columns); consequently the geologic map of the re- 
gion was modified so as to conform to the new field evidence 
(figs. 2a and 2b). 

The writers examined in detail the southern half of the 
Saratoga quadrangle, and also vital adjacent areas in the 
Mohawk Valley where more complete sections, unaffected by 
faulting, are available. Fisher restudied the southern portion 
of the Broadalbin quadrangle in an effort to trace the beds 
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due westward. The formations under consideration are cut 
off to the east by normal faulting, bounded on the north by 
the Precambrian rocks of the Adirondack mountains and 
overlain to the south by Mohawkian Canajoharie shales and 
Schenectady shales and sandstones. 


PREVIOUS WORK 


It is not the authors’ intention to present an exhaustive 
resumé of all the papers dealing with the Saratoga region 
but only to mention the articles pertinent to the problem in 
question. 

As early as 1879, Walcott (p. 131) established the age 
of beds now referred to as the Hoyt limestone when he listed 
Upper Cambrian fossils from the Hoyt quarry, 4 miles west 
of Saratoga Springs. 

Prosser (1900, pp. 477-480), the first to publish detailed 
sections of the region, recognized the limestone at Rock City 
Falls as Trenton in age. Cushing and Ruedemann (1914, p. 
46) labelled this limestone the Amsterdam limestone, stating 
that it was older than the Trenton. 

Ulrich and Cushing (1910, pp. 106-112) published a few 
sections of the area in conjunction with their stratigraphic 
study of the Little Falls dolomite which they claimed could be 
traced from its type locality at Little Falls, New York 
around the southern Adirondacks to Whitehall. Introducing 
the name Hoyt limestone for the fossiliferous more calcareous 
phase of the Upper Cambrian in this area, they relegated it 
to the base of the Little Falls dolomite (p. 99). They further 
proposed the name Tribes Hill limestone for the calcareous 
fossiliferous strata of Ordovician age which unconformably 
overlay the Little Falls dolomite in the Mohawk Valley but 
which they claimed was absent from the Saratoga region. 

Clarke (1910, p. 12) introduced the term Galway forma- 
tion but it has never since appeared in the literature. To 
quote Clarke, “A series of distinctly transitional beds lies 
between the Potsdam sandstone and the Little Falls dolomite. 
This formation has been named from the town of Galway 
where it is best shown and it has been separately shown on the 
geologic map.” If the map referred to was the geologic map 
of the Broadalbin quadrangle which was in preparation at 
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this time, the name was dropped, for Miller calls this forma- 
tion the Theresa formation (1911, p. 28). 

In his report on the geology of the Broadalbin quadrangle, 
Miller (1911, pp. 29, 33) reported that the Hoyt and Tribes 
Hill limestones were absent from the region, the former prob- 
ably changing to dolomite and therefore included in the 
“Theresa” formation while the latter was probably deposited 
but eroded in pre-Black River time. 

An excellent study of the Potsdam-Hoyt fauna with in- 
cluded photographs was presented by Walcott (1912) in which 
he refers this fauna to the uppermost Cambrian. 

A geologic map of the Saratoga quadragle was prepared 
by Cushing and Ruedemann (1914) in which all of the dolomite 
occurring above the Hoyt was regarded as Little Falls dolo- 
mite and most of the limestone overlying this as the Amsterdam 
limestone. They classed the Hoyt as an upper local phase of 
the “Theresa” formation and indicated a thickness of 300 to 
400 feet for the Little Falls dolomite in the region. In this 
paper they proposed the name Hoyt (p. 38) in place of 
Clarke’s name Greenfield limestone which was preoccupied, 
but actually the name Hoyt had appeared in the literature 


four years prior, having been used for these beds by Ulrich 
and Cushing (1910, p. 99). 


Colony (1930) contributed several corrections to the geology 
of the area though his study mainly related to the mineral 
waters of the vicinity. He clearly recognized exposures of 


Plate 1. 

Fig. 1. Elvinia ruedemanni Resser (x 1), exceptionally well preserved 
free check showing the very narrow genal spine. Galway formation. 

Fig. 2. Cranidium of same species (x 1). Galway formation. 

Fig. 3. Berkeia saratogensis Resser (x 2). Galway formation. Preserva- 
tion is poor due to the coarse lithology of the rock. 

Fig. 4. Cranidium of Plethopeltis saratogensis (Walcott) (x 1). Hoyt 
limestone, Lester Park, directly below the Cryptozoon proliferum reef. 

Fig. 5. Prosaukia eboracensie (Resser) (x 1). Hoyt limestone, railroad 
cut east of Greenfield, below the Cryptozoon cf. undulatum reef. 

Fig.6. Plethometopus sp. (x 1). Galway formation. Railroad cut just 
west of route 9-K, 3 miles west-northwest of Saratoga. 


Figs. 7, 8. Weathered specimens of a gastropod allied to Rhachopea 
(x 2). Ritchie limestone, south of “Petrified Gardens.” 


Fig. 9. Helicotoma (?) uniangulata (Hall) (x %). Weathered mold 
from Gailor dolomite, northeastern portion of Amsterdam quadrangle. 
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Trenton age in the area, and his photomicrographs of the 
various strata have proved of considerable aid to the present 
writers. 

Kay (1937, p. 254) asserted that the limestone at Rock 
City Falls is entirely Hull (Larrabee) in age with perhaps 
4 feet of Amsterdam limestone intervening between it and the 
underlying “Beekmantown” dolomite. This is the first published 
statement ascribing any rocks in the region to the Canadian. 

In her elaborate paper describing the Cryptozoon of the 
vicinity, Winifred Goldring (1938) furnished valuable infor- 
mation by mapping the outcrops of Cryptozoon; this material 
aided in the revision of the areal geology of the region. 

The first to suggest in print that the long-accepted strati- 
graphy of the region was not the true one was Wheeler 
(1942, pp. 521-524) who stated that the Hoyt limestone 
overlay the Little Falls dolomite in the Saratoga region and 
that the persistent dolomite which overlay the Hoyt was a 
younger formation to which he applied the name Skene dolo- 
mite. He classified the Hoyt limestone as the basal member of 
the Whitehall formation and the Skene as the upper member, 


the latter being a very late Upper Cambrian offlapping 
unit. It is evident that he mistook the Ordovician Gailor dolo- 
mite for the older Little Falls dolomite, for the Hoyt and 
his supposed “Little Falls” are in fault contact in his “un- 
faulted” area 4 miles west of Saratoga Springs. 


DISCUSSION 


Unfortunately, the problem of deciphering the stratigraphic 
superposition of beds in this vital region is complicated by 
the fact that the sections are structurally isolated by re- 
peated normal faulting. Furthermore, formational contacts, 


Plate 2. 


Fig. 1. Fault zone, 8 feet wide and 26 feet high, in the south wall of 
the abandoned Gailor quarry at the northern edge of Saratoga Springs, 
N. Y. Note the marked U-shape of the body of the thin-bedded Amsterdam 


and Trenton limestones and the thick-bedded character of the Gailor 
dolomite. 


Fig. 2. Exposure along Kayaderosseras Creek at Rock City Falls just 
east of dam. Mr. Fisher is standing on the Lowville limestone, pointing 
to the contact of the Amsterdam and Trenton limestones. The Lower 
Ordovician Gailor dolomite is exposed at water level. 
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the key to analyzing proper stratigraphic succession, are 
rarely exposed. 

Outcrops of Potsdam sandstone are rare and its areal ex- 
tent is largely inferred from the preponderance of white sand- 
stone in the glacial drift. Field examination suggests that 
this formation may be more restricted than appears on the 
map, but for lack of concrete evidence few changes have been 
made. 

Because the “Theresa” formation has been poorly defined, 
and because it embraces both Upper Cambrian and Lower 
Ordovician strata in the type area near Theresa, New York, 
it seems improper to apply this term to beds between the 
Potsdam sandstone and Hoyt limestone. For this reason the 
authors suggest that the name Galway formation, originally 
introduced by Clarke (1910, p. 12), be substituted for the 
beds previously termed “Theresa” in this region. The forma- 
tion is redefined to comprise the sandy dolomites, dolomitic 
sandstones, and calcareous sandstones lying below the Hoyt 
limestone and above the Potsdam sandstone. The Elvinia zone 
carrying Elvinia ruedemanni, Camaraspis sp., and Berkeia 
sarctogensis is some 25 feet above the base of the formation, 
whereas the Plethometopus zone is some 40 feet above the 
Elvinia zone (plate 1, figs. 1-3, 6). The formation has a total 
thickness of approximately 125 feet in the area, and its top 
lies 12 feet below the Cryptozoon proliferum reef of the Hoyt 
limestone. Strata formerly classed as lower Hoyt are now in- 
cluded in the Galway formation because of the great similarity 
of lithology. As a mappable lithologic unit, the Galway forma- 
tion embraces beds of lower Franconia through lower Trem- 
pealeau age. No faunal evidence for strata of middle or upper 
Franconia age was found; hence there may be an undetected 
break within the Galway formation in this area. The most 
fossiliferous section known te the authors is 214 miles west- 
northwest of Saratoga Springs along New York State High- 
way 9-K, where a road cut and two adjacent railroad cuts 
expose these strata. This section is given in a subsequent 
portion of this article. 

The Hoyt limestone was found to have a maximum thick- 
ness of 55 feet with only some 40 feet showing in the neighbor- 
hood of Lester and Ritchie parks rather than the 100 feet 
allotted to it by Cushing and Ruedemann (1914, p. 36). It 
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does not occur to the west within the Broadalbin quadrangle. 
Its restricted geographical extent is due to truncation, the 
unconformity at its summit causing the Hoyt to wedge out 
in a westwardly direction (fig. 3). The three algal reefs formed 
of Cryptozoon proliferwm, C. ruedemanni, and C. cf. undu- 
latum, were used advantageously in the course of mapping 
for they proved to be reliable horizon markers. According to 
Miss Goldring (oral communication), the last-named reef is 
not conspecific with the type specimen of Cryptozoon wndu- 
latum but is similar to it. Another Cryptozoon cf. undulatum 
reef was also utilized in mapping, but this occurs directly 
beneath the Plethometopus zone of the Galway formation. 

Some perplexity arose when Prosaukia, a trilobite supposed- 
ly indicative of an Upper Franconia age, was collected from 
beds stratigraphically higher than beds containing Pletho- 
metopus, a Trempealeau form (plate 1, figs. 4-5). The former 
was found tu range from the lower Hoyt well up into that 
formation, and the latter was identified from the middle Gal- 
way. In the face of what appeared to be either an inversion 
of accepted trilobite zones, or a recurrent fauna, an ex- 
haustive effort was made to clarify the puzzling situation. 

Dr. R. H. Flower of the N. Y. State Museum verified the 
author’s identification of Plethometopus. As to the Prosaukia, 
Rasetti (1946, pp. 541-542) reviewed and revised Saukia 
eboracensis of Resser assigning it to Prosaukia. It appears 
then, that Prosaukia ranges much higher than the Cambrian 
correlation chart (1944) would indicate. Nonetheless, if the 
trilobite zones of this chart possess validity, then there is a 
hiatus of some magnitude in this region, for no faunal proof 
of middle or upper Franconia or middle Trempealeau age 
could be found. Although further research into the zonation 
of the Hoyt fauna is necessary, some observations can be 
briefly recorded at this time. Keithiella speciosa and Saratogia 
calcifera appear to be restricted to the upper Hoyt, whereas 
Plethopeltis saratogensis ranges from beneath the Cryptozoon 
proliferum reef to the top of the formation. Prosaukia ebora- 
censis has been found from the Cryptozoon ruedemanni reef 
upwards. The generic affinities of Walcott’s “Dikellocephalus 
hartii” are not known at this writing. 

Just south of the property of Mr. Ritchie (Petrified Sea 
Gardens), 43 feet of an exceedingly massive white weathering 
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blue-gray calcilutite, only slightly dolomitized, is exposed 
(see section under subsequent heading). The dearth of unpre- 
occupied geographical names necessitates the assigning of 
the name of the property owner of the adjacent Petrified Sea 
Gardens to these beds. The formation is exposed here because 
of faulting, for it occurs at the eastern apex of the horse 
formed by the bifurcation of the McGregor fault. Possibly 
the measured thickness is excessive, for a smaller tear fault 
may bring about repetition of a portion of the composite 
section. Apparently the Ritchie limestone is unconformably 
underlain by non-cherty dark gray coarse-grained dolomite 
of the upper Hoyt and uncomformably overlain by 7 feet 
of conglomerate composed of dolomite cobbles in a sand 
matrix. The latter grades laterally into a coarse sandstone 
with well rounded quartz grains, which grades rather abrupt- 
ly upward into a cherty arenaceous blue-gray dolomite with a 
Lower Ordovician fauna. The coarse clastic layer is inter- 
preted «us the Mosherville sandstone and the dolomite as the 
Gailor dolomite, both of which are described in succeeding 
paragraphs. Although the stratigraphic position of the Ritchie 
limestone is firmly established here, an effort was made to 
locate the formation elsewhere but to no avail. The sole ex- 
posure yielded some poorly preserved weathered specimens of 
a single species of gastropod allied to Rhachopea (plate 1, 
figs. 7-8). An exhaustive search failed to disclose any further 
fossils. Rhachopea, while present in the Upper Cambrian 
Eminence formation of Missouri, is a more abundant form in 
the Van Buren and Gasconade formations there. 

Whether these beds are basal Ordovician or Upper Cam- 
brian is debatable. Although the faunal evidence is meager 
and not altogether conclusive, the very typical Upper Cam- 
brian trilobites had seemingly disappeared prior to the de- 
position of the Ritchie limestone. On the other hand, the 
more pronounced stratigraphic break is above the Ritchie. 
In lieu of more conclusive faunal evidence, it must be left un- 
certain whether the Ritchie limestone in this area is a basal 
Ordovician or a very late Upper Cambrian formation; per- 
haps the uncertainty will stimulate further research. 

Hanson is of the opinion that the Ritchie limestone may 
represent an offshore facies of a portion of the sandier Hoyt, 
having been deposited on the seaward side of the Cryptozoon 
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reefs while the typical Hoyt was restricted to the area be- 
tween the reefs and the Adirondack land mass. The difference 
in biota on either side of the reefs is not surprising, for the 
same phenomenon occurs in modern seas. 

After Hanson left the field, Fisher restudied a large area 
to the west of Rock City Falls. The persistent, white, relatively 
pure, sandstone referred to by Miller (1911, p. 29) was 
found useful in mapping. Examination of the sections in- 
cluding this sandstone disclosed that an unconformity of some 
magnitude occurred at its base. This uncomformity manifests 
itself as such when studied on a regional scale, but at any 
single outcrop only a break of apparently diastemic value 
is visible. The prominent sandstone is interpreted as the base 
of the Ordovician in the area and the name Mosherville sand- 
stone is proposed for it. A road cut 2 miles southwest of the 
village of Galway is designated as the type locality. This 
section is reproduced under a subsequent heading. Ranging 
from ‘+ to 7 feet in thickness, the Mosherville sandstone is 
typically a massive bed of white orthoquartzite, although in 
places a porous crossbedded brown iron-stained sandstone is 
exposed. This basal Ordovician unit is favorably exposed in 
field exposures half a mile south of Mosherville, a quarter of 
a mile southwest of Parks Mills (no longer designated on 
the most recent topographic map), in road cuts 2 miles south- 
west and 234 miles northwest of Galway, half a mile north- 
northeast of West Galway, and in the railroad cut half a 
mile north-northeast of South Greenfield. The extreme lith- 
ologic similarity to the older Potsdam has undoubtedly been 
a source of confusion in the past. Prosser (1900) mapped 
a small patch of Potsdam three-quarters of a mile south of 
the northern boundary of the Amsterdam quadrangle along 
the western upthrown side of the Hoffmans fault. In reality 
this is the Mosherville sandstone, and its stratigraphic posi- 
tion with respect to the known sections in the Mohawk Valley 
is clear for it is the basal member of the cherty arenaceous 
dolomite with a Lower Ordovician fauna (Gailor dolomite). 
As shown on the diagrammatic cross section (fig. 3), the 
Mosherville sandstone truncates the bevelled beds of first the 
Hoyt limestone and then the Galway formation in a westwardly 
direction. Thus the Hoyt limestone does not pass into dolomite 


in the Broadalbin quadrangle as Miller (1911, p. 29) had 
supposed. 
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Discovery of Helicotoma (?) uniangulata in cherty arena- 
ceous dolomite above the Mosherville sandstone in the northern 
portion of the Amsterdam quadrangle (plate 1, fig.9) and 
Ophileta and Lytospira (Ecculiomphalus of some authors) 
in gray sandy dolomite 2 miles west of Saratoga Springs as 
well as cross sections of Ophileta and Ectenoceras in gray dolo- 
mite in the Gailor quarry at the northern edge of Saratoga 
Springs disproves the assignment of these layers to the Upper 
Cambrian. Various workers in the past have regarded the dolo- 
mites in this region as Little Falls (Ulrich and Cushing, 1910; 
Miller, 1911; Cushing and Ruedemann, 1914; Colony, 1930; 
Wheeler, 1942). Since they occur stratigraphically higher 
than the Hoyt limestone, it is understandable that the Hoyt 
was regarded as lying beneath the Little Falls dolomite. 

Tracing of the Little Falls dolomite from its type locality 
at Little Falls, N. Y., eastward into the Saratoga region 
shows that it is absent there as such, but that its correlatives 
are facies equivalents, namely, the Potsdam sandstone, Gal- 
way formation, and perhaps even a portion of the Hoyt lime- 
stone. The Little Falls dolomite (restricted) thus represents 
an offshore more carbonate phase of the aforementioned form- 
ations, and indeed lateral gradation is readily apparent in 
many places. The absence of these other formations within 
the Mohawk Valley further corroborates this interpretation ; 
wherever exposed, the Little Falls rests directly on the 
Precambrian. 

As Ophileta, Helicotoma (?) uniangulata, and Ectenoceras 
are exclusive Canadian index fossils, the latter two indicative 
of the Lower Canadian, the age of the cherty dolomite above 
the Mosherville sandstone is established as lowermost Ordovi- 
cian. The name Little Falls dolomite for these beds is un- 
questionably in error, and the name Skene dolomite (Wheeler, 
1942, p. 522) is similarly not applicable because it was de- 
fined as Upper Cambrian. The senior author proposes the 
name Gailor dolomite for these beds from the Gailor quarry 
which is situated at the northern edge of the city of Saratoga 
Springs just west of U. S. Highway 9. While no complete 
section is available, this quarry is designated as the type 
locality, for it is likely to prove an excellent exposure for years 
to come. A section at this quarry is given under the next 
heading. The Gailor dolomite varies from about 80 feet in 
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the northern portion of the Amsterdam quadrangle to about 
150 feet in the Saratoga region. Four miles southwest and 
1% miles northeast of Galway, and 114 miles west of the 
Petrified Sea Gardens, the formation is capped by a massive 
6-foot gray chert bed which locally contains Cryptozoon. 

In the Saratoga region proper, rocks of Tribes Hill age 
are lacking, due to offlap, removal by post-Canadian erosion, 
or by a facies change into the Gailor dolomite. A thin 
representation of Tribes Hill sandy limestone can be seen 
a few miles to the southwest on the Amsterdam and Broadalbin 
quadrangles where it can be observed overlying the Gailor 
dolomite. 

At Rock City Falls one foot of Lowville limestone lies above 
12 feet of cherty Lower Ordovician dolomite and beneath the 
Amsterdam limestone. Prosser (1900, p. 476) noted this 
layer as the “Birdseye” (Lowville) limestone but later workers 
failed to recognize it as such. 

Mapping of the Middle Ordovician limestones along the 
southern margin of the Adirondacks has been perplexing 
because of the insufficient knowledge concerning the boundaries 
of the formations and, in some cases, lack of proper definition 
of the formations themselves. Cushing and Ruedemann (1914) 
mapped 40 feet of Amsterdam limestone at Rock City Falls 
when actually only 3 feet exist there, the remainder of the 
section being Trenton with Rockland (?), Hull, and Sherman 
Fall representatives. The Amsterdam is sharply separated 
from the Trenton here by a marked disconformity. Bathyurus 
spiniger, a diagnostic Rockland species, according to Kay 
(1937, p. 300), was collected in the layers tentatively referred 
to as Rockland, although further investigation must be carried 
out to prove or disprove the Rockland designation.. Crypto- 
lithus tessalatus, the zone fossil of the Sherman Fall (Shore- 
ham limestone) was found on the downthrown side of the Rock 
City Fault and also 43 feet higher on the upthrown western 
side. 

Of special interest from a structural standpoint is a superb 
exposure of a fault zone in the Gailor quarry at the northern 
edge of Saratoga Springs (plate 2, fig. 1). The fault zone 
reaches a maximum width of 9 feet and is exposed for 26 
feet vertically. The upper portion shows a markedly U-shaped 
horse consisting of thin beds of Amsterdam and Trenton 
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limestones. The lower part is a badly crushed mylonite zone 
with some boulders of dolomite up to 4 feet in diameter. No 
limestone was observed within this lower portion. The com- 
plexity of normal faulting is well demonstrated here, for the 
single fault displayed on the south wall of the quarry branches 
into several smaller fractures in the center of the quarry, 
again coalescing into one large fault zone in the northern 
wall of the quarry. It would seem that the bulk of the move- 
ment took place after the deposition of the dolomite with 
renewed faulting during Trenton time. The limestone beds 
of the “U” show slight flowage indicating that perhaps 
faulting was penecontemporaneous with deposition. An al- 
ternate theory is that virtually all of the movement occurred 
prior to the deposition of the Amsterdam limestone and that 
it and the Trenton limestone fill a depression eroded in the 
relatively non-resistant mylonite zone. The exposure in the 
northern quarry wall supports this idea in that the bedding 
planes of the Amsterdam limestone are horizontal and do 
not exhibit the “U” shape of exposure as in the southern quar- 
ry wall. The light gray crystalline dolomite constituting the 
fault blocks is heavily mineralized. Gray and black chert are 
common in the upper beds and some agatized chert was 
found locally. Exquisitely preserved quartz crystals, though 
confined to the lower beds of the quarry, are profusely de- 
veloped where the main fault branches. Calcite and dolomite 
crystals are very common, the crystallization of both pre- 
ceding that of the quartz. Some pyrite and a black car- 
bonaceous material were found in the brecciated fractures. 
Mud cracks filled with calcite were found indicating a shallow 
water origin for the strata. 

A new geologic map is presented and that of Cushing and 
Ruedemann (1914) is also inserted for comparison (figs. 2A 
and B). As will be noted the courses of some of the faults on 
the new map diverge markedly from the courses on the original 
map. The Rock City Falls fault is shown to be an extension 
of the McGregor fault, whose course runs south of the Petri- 
fied Sea Gardens rather than a quarter mile north of it as 
the former map indicates. Several other alterations in the 
areal mapping may be read from the maps. 
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DETAILED STRATIGRAPHIC SECTIONS 


Composite of two railroad cuts and a road cut along New 
York State Highway 9-K, 3 miles west-northwest of Saratoga 
Springs. 

Galway formation (type locality) : 
1’8” Gray sandy dolomite with small oolites. 
3’4”  Gray-black sandy dolomite, top 6” oolitic. 
11” Maud cracked dolomite sandstone. Lingula acumi- 
nata. 
Coarse conglomerate with oolitic matrix. 
Oolitic dolomite. 
Dolomitic sandstone with trilobite fragments. 
Massive sandy crystalline dolomite; Cryptozoon 
cf. wndulatum in lower portion. 
Medium bedded crystalline dolomite; Lingula and 
Plethometopus fragments. 
Massive brownish-white coarse grained sandstone. 
Gray dolomite. Lingula. 
Gray sandy dolomite grading into dolomitic sand- 
stone, slightly cross-bedded. 
Concealed. 
Gray dolomite. 


Massive white coarse grained sandstone with cal- 
careous cement. 


Dark gray medium grained limestone. 
Blue-black dolomite with many calcite pockets 
frequently containing quartz crystals. 
White cross-bedded sandstone, weathers brownish 
due to iron. 
Thin bedded sandy limestone, Elvinia ruedemanni, 
Berkeia saratogensis and Camaraspis sp. Irregular 
base locally marked by 0-2” of shale. 
2’9” Massive white sandstone. 
5”  Calcareous sandstone and sandy limestone. Elvinia. 
ruedemanni and Berkeia saratogensis. 
Gray sandy dolomite. 
Composite section of exposures just south of the Petrified 
Sea Gardens in field to the east and old quarry to west of road. 
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Gailor dolomite: 

30’ Spotty exposures of gray-blue sandy dolomite on 
hill. 

Mosherville sandstone: 

2-7’ Cobble conglomerate with sand matrix. Cobbles 
consist of dolomite and calcilutite. Grades laterally 
into coarse sandstone. 

Ritchie limestone (type locality) : 

43° Massive very thick bedded ash-white weathering 
gray-blue calcilutite only slightly dolomitized. Con- 
tains black chert nodules and Rhachopea (?). Dis- 
conformable base. 

Hoyt limestone: 

8’ Non-cherty dark gray dolomite. 

Section along south side of road, 2 miles southwest of Galway. 

Gailor dolomite: 

4’9" Medium bedded gray-brown sandy dolomite. 

Mosherville sandstone (type locality) : 

6’ Massive bed of white slightly cross-bedded ortho- 

quartzite stained brown in places by iron oxide. 

Galway formation: 

1’8” Gray-black dolomite, oolitic; thin Cryptozoon in 

places. 

Gray-black dolomite. 

66” Alternating beds of thin blue-gray laminated dolo- 

mitic sandstone and shale. Contains Lingula. 

8’ Concealed. 

66” Medium bedded dark blue crystalline dolomite. 
Section in Gailor quarry at the northern edge of the city 
of Saratoga Springs, 4% mile west of U. S. Highway 9. 

Gailor dolomite (type locality) : 

10’6” Massive, thick bedded, light gray crystalline dolo- 

mite with much black to dark gray chert near top. 
Chert nodules become less abundant the further the 
distance from the top. Some calcite pockets and a 
minor amount of pyrite. 
Medium grained light gray crystalline dolomite 
with a greater amount of detrital quartz and 
feldspar than above ‘beds. Some calcite pockets 
and some black chert. 
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5-10” Thin bedded laminated gray-black dolomite with 
detrital quartz and more carbonaceous material 
than other beds. Contains mud cracks and calcite. 

126” More compact light to dark gray crystalline dolo- 
mite with abundant vugs lined with dolomite, cal- 
cite, and quartz crystals. Contains no chert. Some 
shale fillings. A slight break in sedimentation may 
occur above this zone. Cross sections of Ophileta 
and Ectenoceras found here. Petroliferous odor 
when freshly fractured. 

Section at Rock City Falls in abandoned quarry and along 
Kayaderosseras Creek. 
Trenton limestone: 

29” Thin bedded fine grained blue-black limestone. 

Cryptolithus tessalatus common. 

Shale, somewhat calcareous. 

Medium bedded blocky blue-gray limestone. Weath- 

ers ash-white. 

Thin bedded gray-black limestone with shale inter- 

calations. Fossiliferous ; Cryptolithus common. Base 

of Sherman Fall. 

A single bed of coarse gray exceedingly fossili- 

ferous limestone. Top stratum of Hull age. 

Irregular bedded argillaceous limestone. 

Medium gray crystalline fossiliferous limestone. 

Thin bedded blue-gray fossiliferous limestone. 

Weathers light gray. Solution fillings at base. 

Minor break here. 

Thick bedded compact fine grained blue-black lime- 

stone. 

Coarse gray limestone with 1” of shale at base. 

Basal bed of Hull age (?). 

Blocky reworked lumpy blue-black fine grained 

limestone. Streptelasma. Top of Rockland (?). 

Medium to thin bedded white weathering fine 

grained blue-black limestone. Bathyurus spiniger. 

Rough fracturing. Lumpy and very conglomeratic 

near base. Marked discomformity at base. 
Amsterdam limestone: 

3’ Thick bedded white weathering black limestone. 
Rough fracturing. 
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Lowville limestone: 


l’ White weathering gray calcilutite. Absent in places. 
Gailor dolomite: 


12’ Cherty blue-gray medium to fine grained dolomite. 


SUMMARY 


The most notable revisions, aside from changes in the 
geologic map, are: 

(1) Alteration of the stratigraphic succession and thick- 
nesses of the formations to agree more closely with 
the new field evidence. 

(2) Re-introduction of the name Galway for the strata 
heretofore referred to as “Theresa,” and the raising 
of its upper boundary. 

(3) Proposal of the name Ritchie limestone for the massive 
white weathering gray-blue calcilutite of basal Ordovi- 
cian or very late Upper Cambrian age. 

(4) Re-location of the Cambrian-Ordovician boundary over 
most of the area. 

(5) Evidence for Lower Ordovician strata within the 
Saratoga quadrangle, namely the Gailor dolomite with 
its basal member the Mosherville sandstone. 

(6) Restriction of the Amsterdam limestone to 3 feet or 
less within this region rather than some 50 feet as 
indicated in the past. 

The authors acknowledge the kindness of Mr. and Mrs. 
Robert Ritchie who so graciously permitted access to their 
property, the “Petrified Sea Gardens,” in order that a detailed 
examination of this vital area could be undertaken. Dr. Rous- 
seau H. Flower, N. Y. State Museum, contributed several 
valuable suggestions and criticisms, verifying the identification 
of certain critical fauna and allowing examination of specimens 
in the Museum’s collection. Grateful thanks and sincere ap- 
preciation are extended to Miss Marilyn Quant for typing 
the manuscript. 
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THE YONOZU, JAPAN STONY METEORITE 
(ECN = 1394, 380) 


CARL W. BECK® anp R. G. STEVENSON, JR. 


ABSTRACT. A brief summary is given of the fall and recovery of the 
Yondzu meteorite. A detailed macroscopic and microscopic description of 
a 63.5 gm. specimen in the collection of the Institute of Meteoritics follows. 
Thin section, polished section, oil immersion, and chemical analyses are 
given. The meteorite is strikingly chondritic, not only in the number of 
chondrules, but also in the range of mineral composition and internal 


structure. The meteorite is classified as a hypersthene-olivine chondrite 
(Chy). 


INTRODUCTION 


LTHOUGH the Yondzu (Yondzu-mura, Nishikambara- 

gun, Niigata, prefecture) aerolite is the second oldest of 
the recognized meteorites of Japan, being outranked only by 
the Ogi stone of 1741, there is but little in the literature of 
meteoritics concerning it. According to Jimbo (1906, p. 37), 
the Yonézu aerolite “fell into a paddy-field of Tominaga in 
Yonézu-mura, Nishinkambara-gori, Echingo province on the 
12th day of the 6th month (old style) of the 8th year of 
Tempo ;” that is, on July 14, 1837. The fall occurred at ap- 
proximately four o’clock in the afternoon and the meteorite 
was observed in the lowest portion of its trajectory as a black 
object flying in from the southwest accompanied by a noise like 
thunder. The stone is stated to have penetrated ten feet 
deep into the paddy-field (Jimbo, 1906, p. 37). This extra- 
ordinary penetration for a mass of at most 30.44 kg. (Jimbo, 
1906, p. 36) probably can be attributed to the fluid nature of 
the terrain into which the meteorite fell. 

The stone recovered from the paddy-field was irregular in 
shape, with six nearly plane surfaces which showed the charac- 
teristic flight markings of meteorites and which were bounded 
by smoothly rounded edges. The maximum dimensions of the 
aerolite were 41 x 33 x 31 cm. and its weight was 30.44 kg. 
(Jimbo, 1906, p. 36). The thin crust which covered the mass 
at the time of recovery has weathered to a chocolate-gray 
color on the specimen sent to the Institute of Meteoritics of 
the University of New Mexico from the Tokyo Museum of 
Science. Examination of the cut surfaces on this specimen, 
*Research Associate, Institute of Meteoritics, University of New Mexico. 
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which weighs 63.5 grams, discloses that weathering has pene- 
trated to the interior of the stone. 

Apparently the only previous investigation of this meteorite 
consists of a chemical analysis by M. Kodera of the Imperial 
Geological Survey of Japan, and a general microscopic study 
by Y. Otsukf leading to classification of the meteorite as a 
crystalline chondrite (Jimbo, 1906, pp. 36-87). 


MACROSCOPIC EXAMINATION 


The shape of the specimen studied in this report may be de- 
scribed roughly as half of a rectangular solid divided by a con- 
vex diagonal surface. This leaves the specimen with a volume 
slightly more than half that of the rectangular solid. The 
edges of the parent rectangular solid measure approximately 
40 x 28 x 20 mm., the approximate volume of the parent 
solid is of the order of 22.4 cc., and the approximate volume 
of the specimen studied is slightly more than half of this figure. 
The convex curved surface represents a part of the original 
exterior surface of the meteorite. The other surfaces were 
produced during the sawing of the specimen from the main 
mass. The curved exterior surface is depicted in plate 1 (fig. 
1), and two of the sawed surfaces are shown in plate 1 
(fig. 2). The specific gravity of this specimen is 3.63 (Jolly 
balance). 

The natural exterior surface is a chocolate-gray color. It 
exhibits chondritic structures to a high and varied degree, 
and numerous irregular fragments of the metallic phase are 
visible in a completely random arrangement. The sawed sur- 
faces are somewhat darker in color than is the exterior surface. 
A few large grains and chondrules can be distinguished on 
each of these sawed surfaces, and are generally gray rather 
than brown. The largest grain measures 2.5 mm. on each side 
and is square in section. Several of the larger chondrules have 
a diameter of 2 mm. The metallic nodules range in diameter 
from microscopic to about 1 mm. 

No fusion rind or skin is macroscopically visible on the 
sections cut through the exterior. Oxidation extends to the 


Plate 1 


Fig. 1. Exterior surface, Yonézu meteorite. Scale in inches. 
Fig. 2. Sawed surfaces, Yondzu meteorite. Scale in inches. 
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Plate 2 
Fig. 1. Chondrule of fine-grained hypersthene (top center) and euhedral 
hypersthene crystal (lower right), Yondzu meteorite. X 50. 
Fig. 2. Euhedral olivine crystals, Yonézu meteorite. X 50. 
Fig. 3. Large, fragmented hypersthene crystal, Yondzu meteorite. X 50. 


Fig. 4. Taenite included in kamacite (white). Neumann lines stop 
abruptly at contact. Yondzu meteorite. X 50. 
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interior limits of the specimen. There is no apparent gradation 
of oxidation from the exterior toward the interior. 


MICROSCOPIC EXAMINATION 


Thin Section Analysis.—A thin section analysis shows that 
the non-metallic portion of this meteorite is composed prim- 
arily of the minerals olivine and hypersthene, with small per- 
centages of hypersthene-clinohypersthene intergrowths, metal- 
lic particles, and secondary hematite. 

Both olivine and hypersthene are present in many forms, 
ranging from finely granular and fragmenta! to well-formed 
euhedral crystals (plate 2, figs. 1, 2, and 3). Large frag- 
mental grains of hypersthene are not rare (plate 2, fig. 3), 
and some show alteration to iron oxide along the cleavage 
traces. The section is strongly obscured by hematite, produced 
mainly from alteration of olivine and hypersthene. 

The thin section reveals an abundance and a great variety 
of chondrules. Some of the chondrules are composed of fibrous 
and radiating hypersthene (plate 3, figs. 1, 2) ; some, of fine- 
grained hypersthene (plate 2, fig.1); some, of fragmental 
hypersthene ; some, of olivine grains (plate 3, fig. 3) ; and many 
porphyritic varieties (plate 3, figs. 4, 5). The porphyritic 
varieties generally consist of one or more fairly large euhedral 
olivine crystals in a matrix of fragmental hypersthene (plate 
3, figs. 4, 5). An interesting development is a chondrule of 
fine-grained hypersthene with a rim of roarse olivine (plate 3, 
fig. 6). The olivine rim is apparently secondary and would 
indicate a fragmental origin for the chondrule. Unfortunately, 
half of this chondrule is obscured by iron oxide. 

No glass was noted in the thin section analysis. 


Plate 3 
Fig. 1. Chondrule of radiating hypersthene, Yondzu meteorite. X 40. 
Fig. 2. Chondrule of fibrous hypersthene, Yonédzu meteorite. X 40. 


Fig. 3. Chondrule composed entirely of olivine grains, Yondzu mete- 
orite. X 40. 


Fig. 4. Porphyritic chondrule with euhedral olivine crystal in hypers- 
thene matrix, Yondzu meteorite. X 40. 


Fig. 5. Porphyritic chondrule with euhedral olivine crystals in hypers- 
thene matrix, Yonézu meteorite. X 40. 


Fig. 6. Chondrule of fine-grained hypersthene with rim of coarser olivine, 
Yonézu meteorite. X 40, 
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Oil Immersion Analysis ——The optical constants of the 
following meteoritical constituents were obtained. 


Olivine: a = 1.705, 8 = 1.728, y = 1.745; optical char- 
acter, negative; axial angle, 80°; dispersion, r < v, weak; 
optical orientation, X = b, Y = c, Z = a; axial plane, {001}. 
These data indicate an olivine with a Fe,SiO, molecular per- 
centage of 36 (Winchell, 1933, p. 191). The corresponding 
weight percentages of FeO and MgO are 32 and 32 respective- 
ly (Winchell, 1933, p. 191). 


Hypersthene: a = 1.703, 8 = 1.718, y = 1.718; optical 
character, negative; axial angle, 70° ; dispersion, r < v, weak; 
optical orientation, X = a, Y = b, Z = c; axial plane, {010}. 
These data indicate an enstatite with a FeSiO, molecular 
percentage of 32 (Winchell, 1933, p. 218). The corresponding 
weight percentages of FeO and MgO are 21 and 24 respec- 
tively (Winchell, 1933, p. 218). 

There is little evidence of the usual pyroxenic prismatic 
cleavage and the pleochroism so characteristic of hypersthene. 
The optical character providing the easiest distinction be- 
tween olivine and hypersthene in this meteorite is the lower 
interference color of the hypersthene. Undulatory extinction 
was noted in a few of the hyperthene grains and is interpreted 
as an indication of strain. 

A few of the hypersthene grains show an intergrowth with 
clinohypersthene. Under crossed nicols the clinohypersthene 
appears as narrow, tapering bands somewhat like polysyn- 
thetic twinning in plagioclase feldspars. These bands have a 
maximum extinction angle of 23°. The same phenomenon was 
reported by Beck and LaPaz (1951, pp. 51-52) and Merrill 
(1921, p. 99). 

A few shards of glass, making up less than one per cent of 
the grains, were found in the oil immersion analysis. The re- 
fractive index of this glass is 1.588. Inasmuch as the glass was 
not found in the thin sections, the textural relationship it 
bears to the other minerals of the meteorite could not be deter- 
mined. According to Farrington (1915, p. 190) glass abounds 
chiefly as inclusions and intergrowths in olivine, taking in this 
association a great variety of forms. The presence of glass 


in meteorites is generally taken as an indication of the rapid 
cooling of the meteorite. 


| 
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Polished Section Analysis.—A polished section of the Yonézu 
meteorite was prepared and studied in order to ascertain the 
composition and structure of the metallic phase. The section 
was etched with nital for ten seconds. The majority of the 
metallic inclusions are composed of kamacite only, and about 
half of these show Neumann lines. Some of the larger kamacite 
grains contain included taenite (plate 2, fig. 4). In these in- 
stances, the Neumann lines stop abruptly at the boundary 
of the taenite. An occasional troilite nodule surrounded by 
kamacite was found, and numerous inclusions of the non- 
metallic phase in kamacite were noted. In the latter occur- 
rences the Neumann lines do not cut the non-metallic particles 
but appear in perfect alignment on the opposite sides. No 
plessite was found in the polished sections. 


CHEMICAL ANALYSES 


Quantitative chemical analyses of the undifferentiated con- 
stituents (table 1), of the metallic phase (table 2), and the 
non-metallic phase (table 2) were made. The molecular pro- 
portions of iron, nickel, and cobalt, as well as a normative 


calculation of olivine and hypersthene, also are shown in table 
2. In the normative calculation only Si0,, MgO, and FeO were 
considered. Ordinarily, CaO and Al,O, are recast as anorthite 


Taste 1 
Chemical Analysis of the Undifferentiated Yonézu, Japan Meteorite 


siO, 
Fe,0, 
Al,O, 
CaO 
MgO 
K,O 
Na,O 
Ni 
Co 
Mn 

Ss 

Cl 

P 

Ti 

Cc 


| 
if 
per cent 
22.59 
43.20 
3.60 
2.39 
20.34 
0.18 
1.64 i 
1.77 
0.80 
0.77 
1.39 
0.48 
0.00 
| 0.00 
Total 99.12 
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and diopside, but these minerals were not noted in our studies ; 
consequently, it is believed that the alumina, lime, potash, 
soda, manganese oxide, and titania are present as minor con- 


stituents in the olivine, hypersthene, and glass. The ferric 
oxide is considered to be hematite. 


Taste 2 


Chemical Analyses of the Metallic and Non-Metallic Phases of 


the Yondzu, Japan Meteorite 
Metallic Phase 


87.18% 
8.53 


Fe 
Molecular Proportion N= 10.81 


Fe 
Molecular Proportion Nig G = 10.14 


Total 


Non-metallic 


Normative Calculation 


Olivine 53.99% 
Hypersthene 46.01% 


Total 100.14% 
Metallic phase 14.76% by weight 
Non-metallic phase .... 85.24% by weight 


CONCLUSION 


On the basis of the foregoing studies the Yonézu, Japan 
meteorite is classified as a hypersthene-olivine chondrite (Chy) 
following the Leonard classification (Leonard, 1948, p. 439). 
In accord with the meteorite-planet hypothesis for the origin 
of meteorites, the mineral and chemical composition of the 
Y6nozu aerolite would indicate that it had its origin in the 
exterior mantle of the hypothetical planet. This planet is 
supposed to have been constituted much like the earth with 
a nickel-iron core and an exterior mantle of silicate minerals. 


‘ 
| Ni 
Ni 
s 1.46 
P 0.78 
Cc 0.00 
— 
ME 99.64%, 
Phase 
SiO, 35.37% 
MgO 24.27 : 
FeO 22.23 
Fe,O, 8.11 
CaO 2.76 ; 
Na,O 1.98 
K,O 0.19 
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The amount of nickel-iron would decrease from the interior 
of the planet to the exterior. Therefore, meteorites with a small 
percentage of nickel-iron scattered throughout a silicate phase 
are believed to have come from relatively near the surface of 
the planet. 
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“ROCK DOUGHNUTS,” A PRODUCT OF 
GRANITE WEATHERING 


HORACE R. BLANK 


ABSTRACT. “Rock doughnuts,” which are rounded annular ridges 
encircling weather pits, occur on some of the granite domes of central 
Texas, but are rare in comparison with the total number of weather pits. 
One was observed also on granite-porphyry in the Davis Mountains of 
trans-Pecos Texas. 

No megascopic differences can be detected in the granite as exposed in 
the weather pit, on the annular ridge, and in the surrounding rock mass. 
Microscopic studies have not been made. 

The origin of the doughnuts is connected in some way with the origin 
of the weather pits, but the process is obscure. Water from the weather 
pit may possibly penetrate the surrounding rock and indurate it on evapo- 
ration, but there is no evidence that this takes place. Perhaps water de- 
scending the dome surface in sheet floods may be checked as it passes over 
a weather pit already full, thus causing, in time, less corrosion of the 
granite in the annular area surrounding the pit than over the general 
dome surface. There are serious objections to both these explanations. 


INTRODUCTION 
~ yenyoni depressions on the flat or gently sloping summits 


of large exposures of granite and similar igneous rocks 
have been described by several observers (Matthes, 1930, 
pp. 63-64 and plate 33; Anderson, 1931, p. 58 and plate 13; 
Lester, 1938 ; Smith, L. L., 1941; White, 1944, pp. 337-339), 
and were named “weather pits” by Matthes. Similar depres- 
sions in limestone were called “tinajitas” by Udden (1925, 
p- 5), and were later described also by Smith and Albritton 
(1941). King (1942, pp. 104-105 and fig. 118) pictures 
them on sandstone in South Africa, where he states they 
are known as “rock tanks.” 

The pits have been attributed by most of these authors to 
the solvent action of impounded rain water, perhaps aided 
by organic matter. Their development may be initiated by 
exfoliation spalling and assisted by the removal of disintegra- 
tion and evaporation products by the wind. Their origin 
need not be further discussed here. ; 

The present writer has observed numerous weather pits of 
various sizes on granite at several localities in central and in 
trans-Pecos Texas. A very few of them are surrounded by 
raised annular rims, and these are the subject of the present 
discussion. They may conveniently be called “rock doughnuts.” 


822 


7 


A Product of Granite Weathering 828 


The writer is indebted to W. Armstrong Price, of the 
Department of Oceanography, A. & M. College of Texas, 
for one possible explanation of the origin of the doughnuts, 
and is happy to acknowledge various helpful suggestious from 
members of the Departments of Geology and Civil En- 
gineering. 


OCCURRENCE AND DESCRIPTION 


During 1948 and 1949 rock doughnuts were found and 
studied at Enchanted Rock, which is in southwestern Llano 
County about 19 miles south-southwest from Llano, Texas, 
and in the vicinity of Katemcy, northern Mason County. A 
poorly developed example was also observed in granite-por- 
phyry at the Rockpile Park, in the Davis Mountains about 
25 miles west-northwest from Fort Davis, Texas. 

The largest doughnut found (plate 1, fig. 1) is located 
on the west side of the main granite dome at Enchanted Rock, 
just above the nearly vertical portion of the west face of 
this dome. A smaller one occurs on the east side of the first 
large dome to the southwest. Four doughnuts, one of which 
has been partly destroyed by disintegration, occur on the 
northwest side of the Flatrock dome, close to the Katemcy- 
Fredonia road about 6 miles east of Katemcy and 8 miles 
west of Fredonia. Two more good ones were found on the 
summit of a granite knob about 1.5 miles south-southeast 
from Katemcy. A few other less perfect examples were found 
in this general vicinity. 

Most of the doughnuts occur on granite surfaces having 
a decided slope, although not on the steepest slopes. Two 
or three, however, were found on sensibly horizontal surfaces, 
such as the bottom of a large weather pit (plate 2, fig. 1). 
Most, but again not all of them, occur along joints, which 
in such cases pass right through the doughnut. At Flatrock 
dome three excellent doughnuts occur in line along a joint, 
but nearby a still more perfect example (plate 1, fig. 2) 
shows no jointing at all. 

Each rock doughnut consists of a nearly circular weather 
pit, from about 6 inches to about 6 feet in diameter, en- 
circled. by a rounded annular ridge up to about 6 inches 
high and 18 inches wide,-In shape each resembles half of a 
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doughnut or an automobile inner tube split in the plane of 
the wheel (plate 1, figs. 1 and 2; plate 2, fig. 1). In some 
examples the annular ridge in turn is surrounded by a 
shallow annular depression, which shows evidence of scour 
by running water and connects with shallow channels in the 
rock above and below. 

After rains some of the inner pits hold water for some 
time. In most of the doughnuts this water apparently over- 
flows through a low place on the downhill side of the annular 
ridge. Like other weather pits in their vicinity, the inner pits 
of many doughnuts contain a little sand or gravel composed 
of disintegrated granite, and the largest found, at Enchanted 
Rock, contained sufficient soil to support grass. 

A few weather pits are encircled by broad, low, and rather 
indefinite ridges which merge into the surrounding rock mass. 
Also, at the Flatrock dome there are pits, each with a well- 
defined, narrow ridge on the downhill side only. These ill- 
defined and partly formed doughnuts strongly suggest inter- 


mediate stages in the development of the more perfect ex- 
amples. 


NATURE OF THE ROCK 


At all the localities at which doughnuts were found in 
Llano and Mason counties the rock is substantially the same. 
It is a coarse pink granite consisting essentially of pink mi- 
crocline, white plagioclase, quartz, and biotite. The largest 
grains are those of the microcline, which at places reach sev- 
eral centimeters in length and give the rock a porphyritic 
texture. The quartz and biotite, though in grains much smaller 
than the feldspars, are still plainly visible. Detailed descrip- 
tions, both megascopic and microscopic, and chemical analyses 
of the granite at Enchanted Rock and at the Flatrock dome 
have been given by Barnes, (1947, pp. 77-78, 86-87). A Rosi- 
wal analysis of a specimen from the Flatrock dome is given 
by Keppel (1940, p. 975). 

Weathering and erosion of the granite domes take place 
by granular disintegration, commonly assisted by exfoliation 
spalling (on a large scale at Enchanted Rock), and by the 
washing away of the resulting sand or gruss, which consists 
chiefly of microcline and quartz. On many of the unbroken 
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Plate 1 


Fig. 1. Rock doughnut on northwest side of main dome, Enchanted 
Rock, Texas. The largest example found. 


Fig. 2. Rock doughnut in unjointed granite. Flatrock dome, 3 miles 
west of Fredonia, Texas. 
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dome surfaces weathering seems to be extremely superficial, 
but all loose pieces and spalls show it to some extent. Con- 
sequently it is very difficult to obtain an entirely unweathered 
specimen by means of hand tools. Weathering begins as a 
slight chalking of the plagioclase, together with an oxidation 
of the biotite that produces rusty stains which commonly 
penetrate the quartz also. A weakening of the sutures between 
the grains accompanies these changes, and the rock eventually 
becomes friable. 

At none of the doughnuts found was there any observable 
difference in composition, texture, or appearance of the granite 
as exposed in the central pit, on the annular ridge, and in the 
surrounding rock mass, although some such difference was 
expected and was looked for. Microscopic examination of 
the rock from the different parts of the doughnut might be 
desirable but has not yet been made. Collecting fresh samples 
from these solid rock surfaces is a problem in itself. 


FOSSIBLE ORIGIN 


The origin of the rock doughnuts is extremely puzzling, 
and the writer has as yet no satisfactory explanation for 
them. They are unquestionably connected with the weather 
pits, but they are rare in comparison with the total number 
of weather pits, which suggests that they result from some 
unusual modification or extension of the processes responsible 
for the pits. 

Although detailed petrographic or chemical analyses are 
lacking, the apparent identity of the granite in all parts of 
the doughnuts with that in the surrounding dome surface 
makes it very unlikely that the doughnuts result from original 
differences within the rock. Matthes (1930, p. 64) attributed 
the beginnings of the Yosemite weather pits to “local aggre- 
gates of readily soluble minerals,” but L. L. Smith (1941, 
p- 120) found no difference in the texture or composition of 
the rock within and without the pits on the granite domes of 
South Carolina. 

Water running down the slopes of the granite domes eventu- 
ally forms shallow channels in the rock. At a few places these 
bifurcate and come together again, leaving an “island” of 
granite. As the channels deepen this process could produce a 
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knob of granite surrounded by an annular channel; in fact 
such a knob was found about 1.5 miles south-southeast from 
Katemcy. If then a pit should start in the top of the knob, 
perhaps from an exfoliation spall, a doughnut could con- 
ceivably be produced. But this explanation would seem to 
require that the annular channel be deeper and better de- 
veloped than the central pit, whereas the reverse was every- 
where found to be the case. All evidence seems to indicate that 
the pits are older than the annular chapnels, which are not 
present at all doughnuts. 

Where joints in the granite run direcily down the slope 
of the domes there is commonly a series of small weather pits 
along them. At two localities in the area south of Katemcy 
such joints are bordered by ridges which rise from a few 
inches to nearly a foot above the surrounding surface (plate 
2, fig. 2). These ridges are themselves bordered by shallow 
channels, which receive runoff not only from the top of the 
dome but to a smaller extent from the ridges. The ridges 
broaden and bend around the weather pits along the joints. 
There is some suggestion that a trellis drainage pattern is 
in process of formation, and that eventually the ridges may 
become dissected into a series of knobs, of which those contain- 
ing the weather pits will become doughnuts. However, this 
hypothesis merely transfers the problem of the origin of the 
doughnuts to the equally difficult one of the origin of the 
ridges along the joints, and of course does not account for 
those doughnuts occurring in the unjointed granite. 

A hypothesis of “case hardening” was proposed by Ander- 
son (1931, p. 59) to account for large pits and other weather- 
ing phenomena on granodiorite in Idaho, and the same process 
was later invoked by White (1944, p. 383) to explain his 
“indurated veneer” on granites in the southeastern Piedmont. 
A similar induration hypothesis for the origin of the rock 
doughnuts was first suggested to the writer by W. Armstrong 
Price. The water standing in an ordinary weather pit, con- 
taining dissolved solids from the rock, conceivably might 
penetrate the granite for a short distance around the pit 
in spite of the very limited porosity of this rock. A halo of 
saturated granite would thus be formed around the pit. As 
the water evaporated, its solutes and their oxidation products 
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would remain in this halo, possibly indurating the rock and 
rendering a hollow cylinder of granite more resistant to 
erosion than the remainder of the mass. 

If this indurated cylinder did not extend much above 
the highest water level in the weather pit, the partial dough- 
nuts at Flatrock dome, with their ridges only on the downhill 
side, could readily be accounted for. But the existence of per- 
fect doughnuts on moderately steep slopes wou)d require that 
the water in the rock on the uphill side be drawn by capillarity 
at least a foot higher than the water level in the pit, or else 
that at least a foot of solid granite has been eroded from 
the downhill side since the doughnut first began to form. 
Tilting of the entire dome is too unlikely to be considered. 

A process of induration would plausibly account for the 
origin of the doughnuts, but its application to the ridges 
along joints, shown in plate 2, figure 2, is more difficult. Here 
water occupies the trough between the ridges only during 
the brief periods of actual runoff, which would seem too short 
a time for it to penetrate the rock. 

But the chief objection to the induration hypothesis is that 
megascopically, at least, there is not the slightest evidence of 
induration in any of the rock doughnuts found in central 
Texas. In almost every case the same degree of weathering 
is present on the doughnut ridge and on the adjacent dome 
surface, and in the one exception found it was the doughnut 
ridge which had begun to disintegrate. Most of the doughnuts 
occur on hard, sound granite on which the skin of weathered 
rock is very thin, as already stated. There is no evidence of 
any indurated veneer. At the Rockpile Park in trans-Pecos 
Texas some indication of an indurated veneer was found on 
the granite-porphyry, but there only one doughnut, poorly 
developed, was observed. 

White (1944, p. 339 and figs. 3 and 4) pictures ring-shaped 
weather pits in the granite of Wilkes County, North Carolina, 
which he attributes to breaching of a widespread indurated 
veneer by the growth of ring-shaped patches of moss. It is 
interesting that the resulting micro-relief in the surface of 
the granite is exactly the reverse of the Texas rock doughnuts. 
It is hardly possible, however, to reverse White’s explanation, 
even though in central. Texas: much of the granite surface, 
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including the doughnut ridges, supports a growth of minute 
lichens. 

The presence or absence of induration in the rock doughnuts 
can be definitely established only by petrographic examina- 
tion of samples carefully cut from the central pit, the annular 
ridge, the annular channel, and the adjacent dome surface, 
preferably by some means, such as a diamond saw or core 
drill, which would not disrupt the rock. It may be possible, 
however, to explain the doughnuts and ridges by differential 
weathering without recourse to induration. 

If, during a heavy rain, water should run off the bare 
surface of the dome as a sheet flood of sensible depth, any 
pre-existing weather pits, if not too large, would soon fill to 
the brim. Thereafter the water flowing through and over a 
weather pit would have its velocity retarded as compared with 
the rest of the sheet. Eddies could therefore develop around the 
border of the pit, thus reducing the total quantity of water 
which would pass over this annular area in a given time. 
Assuming that the weathering of the granite takes place by 
granular disintegration induced by the solvent or chemical 
action of water, that is, by corrosion rather than by corra- 
sion, then many repetitions of the above flow pattern over 
an immensely long period of time would result in less corrosion 
on the annular area than on the rest of the dome surface, and 
a residual annular ridge could be formed. 

The ridges along joints could be explained in the same way. 
Once the water, by concentrating along the outcrop of the 
joint, had worn a trough along it, during all subsequent sheet 
floods the water in this trough would flow at a higher velocity 
than that covering the adjacent dome surface. Eddies could 
therefore develop along the edges of the trough, and in time 
the total solvent action of the water would be less along 
these strips than on the rest of the dome surface. 

This explanation meets with grave difficulties in accounting 
for doughnuts on sensibly horizontal surfaces, such as those 
shown in plate 2, figure 1. Even here during heavy rains the 
water might have some movement, but any difference in velocity 
within and without a pit on such a surface would certainly 
be very slight. 


Once the ridges, whether annular or straight, were initiated 
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they would divert water and cause still greater differences 
in solvent action between their own areas and the general 
rock surface; thus they would continue to grow. They would 
be destroyed, however, by exfoliation of the rock. Thus rock 
doughnuts should be found caly where destruction of the 
dome surfaces by exfoliation proceeds more slowly than by 
granular disintegration. This may explain their rarity. It may 
be significant that in the Enchanted Rock region, where ex- 
foliation is active, only two doughnuts and no ridges along 
joints were found, whereas in the Katemcy region, where 
little exfoliation was observed, doughnuts are more numerous 
and joint ridges exist. Matthes (1930, p. 64) suggests that 
the Yosemite weather pits are very old and develop at an 
extremely slow rate, as they are not found on freshly glaciated 
rock surfaces. If the rock doughnuts have been formed by 
the process of differential corrosion above suggested they 
must be among the oldest of weather pits. 
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THE TABLE, A FLAT-TOPPED VOLCANO 
IN SOUTHERN BRITISH COLUMBIA 


W. H. MATHEWS 


ABSTRACT. The Table, a steep-walled mass of lava, is made up of a 
core of thick, flat-lying layers partly surrounded by thin, nearly vertical 
sheets adhering to the core like icing on the sides of a layer cake. Field 
evidence suggests that eruptions took place while land in the vicinity of the 
vent was covered by Pleistocene ice. An intraglacial origin for the volcano 
is assumed, as follows: (1) volcanic heat led to the thawing above the vent 
of a vertical pipe in the ice sheet; (2) lava repeatedly flooded the floor of 
the pipe, spread laterally until it reached the ice walls, chilled first along 
the contact to form a solid ring, then the still-molten material, ponded 
within the ring, acquired a tabular form and a level upper surface; and 
(3) molten lava locally overflowed down into narrow spaces between the 


solidified lava core and the ice, giving rise to the vertical sheets surround- 
ing the horizontal layers. 


INTRODUCTION 


series of volcanic centers exists in the vouthern Coast 
Mountains of British Columbia, and extends northwesterly 
along the central part of this mountain chain from the vicinity 
of Mount Garibaldi, 40 miles north of the city of Vancouver 


(fig. 1). A considerable number of these centers were examined 
during the geological mapping of 380 square miles in the 
Mount Garibaldi map-area in 1946 and 1947’. Remnants 
of original surfaces remain on many of the volcanoes as 
evidence of their relatively recent origin, but almost all 
bear marks of the Cordilleran ice sheet which buried most 
of the map-area during Wisconsin time. Eruptions took place 
throughout a considerable part or perhaps all of the Pleisto- 
cene epoch. The volcanic rocks are clearly distinct from the 
Mesozoic(?) metamorphic and plutonic rocks on which they 
have been deposited. The relatively restricted distribution of 
the young volcanic rocks in both space and time suggests 
that they are a well defined natural unit. 

Abnormal internal structures are present in several of these 
young volcanic masses and unusual external form is apparent 
in others. Of all the voicanoes, however, the flat-topped mass 
known as The Table, 344 miles north of Mount Garibaldi, 
is the most striking both in external form and in internal 
structure. 


1 Geology of the Mount Garibaldi map-area—unpublished PhD thesis, 
University of California Library, Berkeley, California. 
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DESCRIPTION 
The Table is a pillar of black dacite” rising in sheer cliffs, 
several hundred to almost 1,00¢ feet high, to a nearly hori- 


ow 
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Fig. 1. Index map showing the location of The Table (circled), the 
outline of the Mount Garibaldi map-area (rectangle), and‘ known occur- 


rences of Quaternary volcanic rocks (solid black) in the southern Coast 
Mountains of British Columbia. 


2The term dacite has been applied to this rock because it contains 
slightly more than 57.2% SiO,, the amount of silica corresponding to 10% 
normative quartz in this suite of igneous rocks. On the basis of mineral- 
ogical analysis alone the rock would probably be regarded as an andesite. 
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zontal summit surface 1,000 feet long and about 750 feet 
wide (fig. 2, and plate 1). A distinct horizontal layering of its 
core is revealed in places, but elsewhere sheets of lava coat the 
almost perpendicular surface of this core much as icing coats 
the surface of a layer cake. Its outstanding exposures and 
unusual structure command attention. Repeated showers of 
rock falling from its precipitous faces also command respect, 
and, together with the inaccessibility of so much of the mass, 
add to the difficulties of its investigation. 

Only two types of rock are exposed in the vicinity of The 
Table: (1) Mesozoic(?) quartz diorite, forming the founda- 
tion on which the mountain is built, and (2) a complex of 
gray dacite domes and flows. The quartz diorite is exposed up 
to altitudes of 5,100 and 5,400 feet above sea level at the west- 
ern and northwestern base of the mountain but is concealed on 
the southeastern and northeastern slopes by the gray dacite. 
The summit and northern face of a plateau a half-mile north of 
The Tatle represent the slightly dissected upper and lateral 
surfaces of a dacite flow. Elsewhere radial aggregates of lava 
columns represent partially preserved dome-shaped protru- 
sions or lava lobes. The preservation of some of the original 
topographic expression of these dacite masses is evidence 
of their youth, but the presence of fresh erratics on them 
up to an altitude of at least 6,400 feet indicates that they 
were extruded during or before the latest maximum of Pleisto- 
cene glaciation. 

The uppermost limits attained by the Cordilleran ice in 
the immediate vicinity of The Table was at least 6,800 feet 
above present sea level if the ice surface sloped uniformly 
between the highest known traces of regional glaciation 4 miles 
to the north and 18 miles to the south. Whether or not The 
Table itself was glaciated is not known, for no glaciated sur- 
faces remain on its slopes and these slopes are too steep to 
bear erratics. Its summit has not been examined for traces 
of the ice sheet. The well defined striae on the gray dacite 
north of The Table and the lithology of the nearby erratics, 
indicate that the latest ice movement in the vicinity of The 
Table was south 60 degrees west. 

Talus, derived directly from The Table, surrounds the 
mountain on all sides. This talus generally forms smooth 
aprons except at the mouths of the narrow gullies, which 


Fig. 1. The Table from the south. The height of the Warren Glacier 
in the 19th century is marked by the top of the barren slopes, 500 feet 
above the glacier surface in 1946. 


Fig. 2. The Table from the west. Horizontal layering is locally appar- 
ent on the northwest face. 
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score the upper slopes of the mountain; here the debris ac- 
cumulates as steep-sided cones. To the northwest of the moun- 
tain, however, the surface of the talus has an abnormally low 
slope and is distinctly hummocky, broken by irregular ridges 
and pits with a local relief of 10 to 20 feet. This part of the 
talus may have been deposited on wasting glacial ice of Pleisto- 
cene age which, on disappearing, left a kettle topography, or 
it may have been formed in a single large-scale rock-fall which 
developed landslide topography. 

The contacts of The Table with surrounding rocks have 
been concealed by this talus at all but two points. At the 
southwestern end of the mountain a steep flow derived directly 
from the upper part of The Table is separated from the under- 
lying quartz diorite (fig. 2, altitude 5,100 feet) by an undis- 
turbed mantle of glacial till. It is significant that this till, 
even a fraction of an inch below its upper surface, is totally 
unweathered. Evidently this flow is of glacial age or was laid 
down so soon after the disappearance of the ice that atmo- 
spheric agencies had no opportunity to modify the glacial 
debris. The other point at which a contact between the black 
dacite of The Table and the adjoining rocks is exposed lies 
at an altitude of 6,200 feet on the eastern side of the mountain 
about 400 feet below and 600 feet south of the crest of the 
east ridge. The contact at this point strikes northerly, par- 
allel to the present face of the mountain, and dips at an angle 
close to 90 degrees. Black dacite of The Table contains frag- 
ments of both gray lava and quartz diorite up to several 
inches in diameter. The black dacite itself is locally glassy, 
and a few feet from the contact it displays well developed 
joint columns whose axes are nearly horizontal and trend 
east-west. The contact clearly indicates an intrusive rela- 
tionship of The Table dacite into the adjoining gray lavas. 
As indicated below, however, this contact must have originally 
lain at no great distance below the surface. 


The central part of the black dacite pillar is composed of 
a succession of flat-lying layers approximately 10 feet thick, 
characterized by stout vertical joint columns, alternating with 
layers 100 to 250 feet thick, characterized by slender joint 
columns. The stout joint columns average about 18 inches 
in diameter and the slender columns about 6 to 9 inches. 
Each pair of layers is interpreted as a single flow unit con- 
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Transverse and longitudinal sections of The Table 
Mount Gariboldi map-area, British Columbia 
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sisting of a slowly cooled basal layer with fairly widely spaced 
polygonal joints and a more rapidly cooled upper layer with 
closely spaced joints. Similar joint patterns are commonly 
developed in lavas in many parts of the world, for example 
in the flows of the Giant’s Causeway in Ireland. Tomkeieff 
(1940) has recognized in the flows of the latter locality a 
basal layer of stout columns, which he refers to as the “colon- 
nade”, on which is superimposed a layer of slender columns, 
the “entablature.” A zone of stout “pseudocolumns” above 
the entablature in several of the Giant’s Causeway flows is 
not represented at any place in the Mount Garibaldi map- 
area. In most flows the ratio of the thickness of the entabla- 
ture to that of the colonnade is between 1:1 and 2:1, not 10:1 
to 25:1 as in The Table. This relationship is here interpreted 
as signifying that heat loss through the top of the flow units 
of The Table is from about 10 to 25 times the heat loss 
through the bottom. By contrast the heat loss through the 
upper surface of most flows appears to be rarely more than 
twice the loss through the basal surface. This may in turn 
signify either that each of the flow units of The Table was 
deposited on still-warm lavas or that their upper part was 
subject to unusually rapid loss of heat for some undetermined 
reason. 

One unusual feature in the layering is displayed on the 
northern face of The Table near its western end. Here a zone 
of stout columns well defined at the western end of the face 
dies out 100 feet to the east( fig. 2) and adjacent zones of 
slender columns above and below here merge into a single unit. 
Apparently a double upwelling of lava gave rise to distinct 
superimposed flow units in the outer part of The Table but 
toward the central part of the mass the same lava cooled 
and fractured as a single unit. 

Flow units, though slightly irregular in detail, are essen- 
tially horizontal throughout the greater part of the mountain. 
The upper surface of the highest flow dips very gently toward 
the center of the mass in the form of a broad saucer with a 
relief of not more than 25 feet. Flow contacts lower in the 
mass have somewhat greater irregularity and any shallow 
basin-shaped form, like those so conspicuous in the top surface, 
is masked but the gentle dips clearly prevail. At several places 
around the periphery of the mass, however, the layers are 
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bowed sharply downward and individual flow units assume a 
vertical attitude (fig. 2). The joint columns, which are con- 
sistently perpendicular to the adjoining flow contacts and 
which are upright in the higher slopes of the mass and in 
the deeper gullies, lie at low angles where exposed on the lower 
slopes and spurs of the mountain. Whether these flow units 
poured down the flanks of the pillar as continuous sheets, 
like tablecloths draped over tables, or as isolated lobes, like 
dribbles of wax down the side of a candle, is problematical, 
but local irregularities in both the direction and angle of 
pitch of the column favors the latter picture. Certainly the 
flow unit that poured off the southwestern end of The Table 
down to the 5,100 foot level is a distinct lobe with clearly 
defined cooling surfaces on three sides. 


DISCUSSION 


A rough measure of the cliff recession that has taken place 
since the ice age is given by the volume of detritus distributed 
around the base of the mountain. On the south face, where 
talus descends to Warren Glacier, some of this debris may 
have been removed by ice transport; on the north slope, 
however, all the coarser debris accumulated in post-Pleisto- 
cene time remains on an undisturbed layer of till. The volume 
of talus below this face of the mountain can be estimated, 
assuming the till-covered surface continues beneath the talus 
with no sharp change in slope as far as the buried face of 
The Table itself. This volume of talus, proportional to the 
area of the triangle ABC in figure 2, should be approximately 
the same as the volume of material lost from the upper slopes 
of the mountain, a volume similarly proportional to the area 
of the triangle CDE in the same figure. On this basis it can 
be surmised that when talus development began the north 
face of The Table was essentially vertical through a range 
of 800 feet. Cliff recession at the top of this face may have 
averaged 150 feet since that time, and a shorter distance at 
lower levels, the general slope declining with this recession 
from an original value of approximately 90 degrees to the 
present value of slightly more than 70 degrees. The volume 
of talus lying against the south face of the mountain is so 
large that cliff recession amounting to at least several tens 
of feet must be presumed. Circumstances do not, however, 


\ 
| 


Volcano in Southern British Columbia 837 


favor as satisfactory an estimate of recession on this face 
as was possible on the north side. 

Parts of the present surface on both the north and south 
sides of the mountain near the top of the talus are parallel 
with if not coincident with original cooling surfaces. In places 
flat-lying flow units display nearly horizonal joint columns 
which must have developed by cooling from the sides rather 
than the tops of the flows. Cliff recession here since deposition 
of the lava has almost certainly been less than the thickness 
of the entablature of individual flow units, that is less than 
100 to 250 feet. Higher on the slopes, where cliff recession 
seems to have exceeded 100 to 150 feet, these laterally cooled 
parts of the flow units no longer remain. The original thick- 
ness of a lava sheet which poured down over the south face 
of the mountain near its eastern end is not certain, but cliff 
recession has been insufficient to interrupt its continuity 
across a width of several hundred feet and throughout this 
distance the joint columns are perpendicular to the present 
surface. It seems that the surface that would be obtained 
were the talus fragments restored to their original positions 
in the upper part of the mountain would be the original sur- 
face and not just a surface exposed at the time of deglaciation. 

At the time of its origin The Table was apparently ellip- 
tical in plan with a major axis at the summit 1,200 feet long, 
trending about south 70 degrees west, and a minor axis about 
1,000 feet long. Its north wall was essentially vertical and 
its south face steep to vertical. The eastern and western ends 
of the mountain sloped at angles somewhat greater than at 
present and probably not less than 70 degrees. Except at 
the eastern end of the mountain where the dacite intrudes 
gray lava there is no trace of a pre-existing rock mass or 
ash cone that could have prevented the spread of the lavas 
from The Table, and the fact that these lavas could pour 
freely down the sides of the pillar at several places shows 
that no such rock retaining wall existed. 

The problem arises of explaining the peculiar behaviour of 
the lava, whereby in the core of the pillar it was sufficiently 
fluid to form flat-lying layers, and yet at the flanks of the 
mass it was so viscous that it could come to rest on almost 
vertical slopes. This relatively abrupt change in the character 
of single flows can be due only to abrupt changes in external 
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conditions, possibly in the rate of cooling. The residual heat 
of the underlying flows may well have maintained a higher 
fluidity in the central part of the next higher flow in the 
succession than at its more exposed flanks. If such a condition 
alone prevailed, one would expect the cooling rates and vis- 
cosity at any time to increase progressively from center to 
margin of the flow units rather than change abruptly. One 
would expect, too, a dome-shaped pile of lava, an “exogenous 
dome,” to be formed in this way and not a structure like 
The Table. 

The answer to this problem cannot be deduced from the 
available information, but it is possible to reconstruct a 
hypothetical set of conditions to account for the observed 
features. The relationship of the lava at the western base 
of The Table to the underlying till suggests that the black 
dacite may have been extruded during a period of glacial oc- 
cupation. No direct evidence has been found, such as the 
presence of erratics released from overhanging ice and em- 
bedded in the upper part of a flow, to prove the coexistence 
of glacial ice and molten lava, but with the data on hand such 
a possibility cannot be denied. It remains, therefore, a pos- 
sibility worthy of further investigation. 

Products of eruptions under and through ice sheets have 
been described both in Iceland (Noe-Nygaard, 1940; Nielson 
and Noe-Nygaard, 1936; and others) and in northern British 
Columbia (Mathews, 1947), but The Table differs from any 
of these. Granulated lava, palagonite breccias, and pillow 
lavas have been developed in the described occurrences of 
subglacial and intraglacial eruptions, but such material is 
considered to have been formed by contact of lava with melt- 
water or with water-soaked debris and not necessarily with 
the ice itself. Koto’s notes (1916) on the subaqueous lava of 
Sakurajima indicates that rapid quenching of lava does not 
necessarily result in such breccias and pillow structures; 
hence their absence cannot be regarded as evidence against 
subglacial extrusion of lava. The fact that some subaqueously 
chilled lavas develop breccias and others pillows is evidence 
itself that varying though undetermined physical properties 
of the lava can have a very marked influence on the products 
developed by quenching. 

The shape of cavities melted into glacial ice during a 
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volcanic eruption also varies with circumstances. Descriptions 
of historic subglacial and intraglacial eruptions in Iceland 
(Nielsen, 1937; Noe-Nygaard, 1940) indicate that broad 
areas of ice can be affected by a single central eruption. At 
Grimsvétn, for example, a mass of ice estimated to have been 
5 by 10 kilometers (3 by 6 miles) in extent and probably 
not less than 200 meters (almost 700 feet) deep was melted. 
The presence of the upper layers of the ice within most of 
this area after the eruption had ceased indicates that it was 
the basal layers which had been melted. The volcanic heat 
had thus created a mass of subglacial meltwater, presumably 
within a lens-shaped chamber around the vent, and the sudden 
drainage of this meltwater had permitted the collapse of the 
still-frozen roof. Northwest of Hagéngur a large saucer- 
shaped collapse depression was created in the surface of the 
ice apparently by a subglacial eruption which never broke 
through to the surface. A marked contrast to these two ex- 
amples is provided by the deep cylindrical pit thawed through 
névé in the summit of Mount Baker, Washington, by the 
heat from a central fumarole. In the first instance the thawing 
of the ice was apparently aided by warmed, pent-up, and 
circulating waters; in the last, the thawing has been effected 
by warm rising vapors. The difference in the means of heat- 
transfer, or perhaps in the opportunity for circulation of 
the fluids, may, therefore, largely determine the shape of the 
cavity, and no predictions should be made as to whether a 
broad lens-shaped chamber or a vertical pipe would be created 
by thawing under an unknown set of circumstances. Conceiv- 
ably, too, a long and relatively narrow tunnel might equally 
well be created by water flowing continuously along a particu- 
lar course under the ice from the site of the vent. 

Water may persist in the subglacial or intraglacial cavities 
until the lava has been extruded or, on the other hand, the 
cavity may be partly or completely drained before lava flows 
from the vent. 

Because of possible variations in (1) the physical charac- 
teristics of the lava, (2) the shape of the chamber formed 
by thawing, and (8) the amount of water persisting in the 
chamber at the time of extrusion, a large number of sub- 
glacial and intraglacial voleanic forms can be anticipated. 
The Table may be one: of these. 
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Let us assume that a vertical pit, larger than but otherwise 
similar to that of Mount Baker, was thawed through the ice 
at the site of The Table, or more particularly near its north- 
eastern end where the observed intrusive contact, and pre- 
sumably the vent, is located. Let us assume, too, that the 
pit was almost completely drained of meltwater, even though 
it is not certain that this assumption is either necessary or 
valid. Lava flooding into the floor of the pit would spread 
laterally until it came in contact with the ice. With its motion 
retarded and its cooling accelerated the magma could solidify 
against the ice to form an annular ring within which would 
be ponded the still-molten lava. Such a mass would cool to 
form a roughly circular steep-walled flow unit with a flat 
upper surface, “the lowest layer in the cake.” Successive 
extrusions of lava would repeat this history, adding succes- 
sive layers to “the cake.” Locally the lava might break over 
or through the solid ring and, pouring down into the gap 
thawed between the cooling pile of lava and the ice, would 
chill and come to rest like “the icing on the cake.” Thus a 
structure having the essential characters of The Table, with 
flat-lying layers in its central portion and steeply dipping 
layers on its sides, could form. If such, indeed, were the 
origin of The Table, it would seem that the cavity thawed in 
the ice sheet was filled to within about 200 feet of the glacier 
surface, for the top of The Table lies within this distance 
of the highest limit known to have been attained by the ice. 
The process of filling this pit with repeated floods of lava 
would require time, and the glacier would not remain static 
during the interval but would be constantly encroaching on 
the cavity. A continued supply of volcanic heat from the vent 
and lava pool would thaw this encroaching ice, and the 
relative rates of supply of ice and of heat would determine 
changes in size and shape of the pit. The rate of ice movement 
toward the pit would be greatest on its upstream side and 
least on its downstream side if, indeed, the ice could reverse 
its direction of flow here. The pit would, therefore, become 
gradually elongated downstream from the vent and lava 
pools. The direction of ice movement near The Table, as in- 
dicated previously, was south 60 degrees west. It seems more 
than a coincidence that The Table itself is elongated in almost 
precisely this direction. It seems more than a coincidence, 
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too, that the observed intrusive contact is at the northeastern 
end of The Table, the upstream face, and the latest known 


flow to pour down off the upper part of the mass is at the 
opposite end. 


Koto, B., 1916. The great eruption of Sakura-jima in 1914: Tokyo Imp. 
Univ., Jour. Coll. Sci., vol. 38, art. 3, pp. 1-237. 

Mathews, W. H., 1947. “Tuyas,” flat-topped volcanoes in northern British 
Columbia: Am. Jour. Sct., vol. 245, pp. 560-570. 

Nielsen, N., 1987. A voleano under an ice-cap, Vatnajiékull, Iceland, 1934 
-36: Geog. Jour., vol. 40, pp. 6-23. 

—————, and Noe-Nygaard, A., 1936. Om den islandske “Palagonitforma- 
tion’s” Oprindelse (with German summary): K. danske Geog. Selsk., 
Geog. Tidsskr., vol. 39, pp. 89-122. 

Noe-Nygaard, A., 1940. Sub-glacial volcanic activity in ancient and recent 
times (studies in the palagonite-system of Iceland, No. 1): K. danske 
Geog. Selsk., Folia Geog. Danica, vol. 1, no. 2. 

Tomkeieff, S. I., 1940. The basalt lava of the Giant’s Causeway district of 
northern Ireland: Bull. volcanologique, ser. II, vol. 6, pp. 89-144. , 


UNIVERSITY OF CALIFORNIA 
BERKELEY, CALIFORNIA 


& 
4 


[Ameaicaw Jovawat or Screxce, Vor. 249, Novemnen, 1951, Pr. 842-858] 


THE PROBLEM OF THE ORIGIN OF THE 
MAX MORAINE OF NORTH DAKOTA 
AND CANADA* 


R. C. TOWNSEND anv ARTHUR L. JENKE 


ABSTRACT. The name Max moraine is proposed for the range of 
morainic hills trending northwest for some 800 miles from the vicinity of 
Bismarck, North Dakota. The terms Altamont and terminal have previ- 
ously been applied to the moraine. These terms are shown to be mis- 
used and misleading, respectively. The name Max is taken from the town 
of Max, North Dakota, because the terrain in its vicinity is typical. The 
bedrock, which is the Fort Union formation, is shown to be higher in 
altitude under at least part of the moraine than it is under adjacent areas, 
giving the moraine the deceptive appearance of having great thickness. 
The high area of bedrock may be due to structural elevation. Four steps 
in the history of the moraine are proposed as a working hypothesis: 
(1) Advance of the glacier beyond the Max moraine. 


(2) Retreat of margin of glacier to area where bedrock is high in 
altitude. 


(3) Deposition of Max moraine largely by ablation. 
(4) Retreat of ice margin and deglaciation. 


INTRODUCTION AND PURPOSE 


HE Max moraine, formerly known as the Altamont 

terminal moraine, is a unique range of morainic hills 
10 to 25 miles wide and trending northwest from the vicinity 
of Bismarck, North Dakota, for more than 800 miles (fig. 1). 
The crest of the range, 200 to 500 feet above the relatively 
flat plains on either side, is a continental divide between 
drainage to Hudson Bay and drainage to the Missouri River. 
Although the great size alone makes the moraine unusual, 
scattered evidence found by early workers and detailed evidence 
presented here indicate that, at least in places if not every- 
where, the bedrock is higher in altitude under the moraine 
than under adjacent deposits. The moraine is, in effect, 
perched on a topographic high of the erosion surface on the 
underlying bedrock. 

If the thickness of the moraine is judged only by ground 
surface elevations without regard to the bedrock, one might 
conclude that the drift is generally 200 to 500 feet thick. 
Such a thickness is not extraordinary for the end moraines 
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of valley glaciers in mountain regions, but it would be regarded 
as an exception in continental glaciation. Flint (1947, p. 127) 
states, “the end moraines of ice sheets, common in central 
North America and in central Europe, rarely exceed 100 
to 150 feet in height....” Even without any direct evidence, 
an explanation of the great height of the moraine would be 
required. The moraine’s uncommonly great length and width 
and position on a bedrock high are not characteristic of 
typical moraines and, therefore, they prompt caution in 
classification of the deposit and speculation on its origin. 
The problem of origin of the Max moraine has been con- 
fused by loose application of the words “Altamont” and 
“terminal.” Altamont, South Dakota, is the type locality for 
a typical, narrow, arcuate end moraine. The implication that 
the huge moraine trending through northwestern North Da- 
kota is simply a continuation of the Altamont moraine in 
South Dakota may dissuade some workers from giving ample 
consideration to the anomalies of the larger deposit. The 
word terminal is also misleading. Where, in a 25-mile-wide 
terminal moraine, was the terminus of the glacier? What 
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Fig. 1. Index map of North Dakota showing approximate location of 
Max moraine and area mapped in detail (diagonal lines) by authors. 
Boundaries of Max moraine modified in part from Andrews (1939, p. 61). 
Line A-A’ is the location of the diagrammatic cross section shown in 
figure 5. 
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are the mechanics of deposition of such a wide moraine, and 
what was the nature of the ice front? Owing to the bedrock 
high vnder the moraine, the drift is: thinner than might be 
suspected if the thickness is judged only by height of the 
deposit above the surrounding plains. The bedrock high was 
doubtless a barrier to southward advance of the glacier, and 
what might otherwise be considered a thick terminal moraine 
may actually be a type of ground moraine deposited largely 
by ablation. 

The purpose of this paper is not to give a final solution 
to the problems of origin of the Max moraine or of end mo- 
raines in general, but to present evidence that the problems 
exist. The relations of the moraine to other glacial features 
and to bedrock are too complex to carry interpretations far 
from areas mapped in detail. Moreover, the largest part of 
the deposit, including most of its boundary, is still unmapped. 
It is hoped that the paper will be only the first step toward 
more regional study, and also thet future workers in the area 
will re-evaluate some of the principles of glacial geology in 
the light of evidence obtained in this area. 

The purpose of this paper is to: 

(1) Propose that the term “Altamont” not be applied 
to the moraine trending northwest from near Bis- 
marck, North Dakota, through northwestern North 
Dakota, and far into Canada. 

Propose that the word “terminal” not be used to 
refer to the moraine northwest of Bismarck. 
Propose that the moraine northwest of Bismarck 
be known as the “Max moraine.” 

Present evidence that the bedrock under at least 
part of the Max moraine is higher in altitude than 
under adjacent areas, thereby confirming the suspi- 
cion of early workers. 

Propose a working hypothesis for the origin of 
the Max moraine and its underlying high area of 


bedrock. 


FIELD WORK AND ACKNOWLEDGMENTS 


Since World War II, members of the U. S. Geological 
Survey have done the geologic mapping of many thousands 
of square miles in the vicinity of the Max moraine in north- 
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west North Dakota. This work is part of the Geological Sur- 
vey’s program to provide background information for recla- 
mation and development in the Missouri River Basin, and was 
done in cooperation with the U. S. Bureau of Reclamation. 
The area near Crosby, North Dakota, shown in figure 2, was 
mapped in the summer of 1947 by the writers, assisted by 
R. W. Fary, Jr., and Leonard S. Rolnick. The work of 
Messrs. Fary and Rolnick is gratefully acknowledged. Town- 
send returned to the area for three weeks in May 1948 to 
collect additional data. Confidence in most of the conclusions 
expressed here has been greatly increased by data, ideas, 
and criticism given freely by several other members of the 
U. S. Geological Survey who have mapped much larger areas 
in adjacent parts of North Dakota and Montana. They are 
R. W. Lemke, Clifford A. Kaye, Garland Gott, William E. B. 
Benson, I. J. Witkind, and J. Hiram Smith. Some of these 
workers came independently to the same conclusions but have 
refrained from publishing because the area near Crosby con- 
tains better supporting evidence. The writers are further in: 
debted to Mr. Benson for his critical review of the manuscript. 

Drill hole and well data were supplied by Wilson M. Laird, 
North Dakota State Geologist, the U. S. Bureau of Reclama- 
tion, the U. S. Army Engineer Corps, and the Ground Water 
Division of the U. S. Geological Survey. Elevations of critical 
locations were supplied by members of the Topographic Divi- 
sion, U. S. Geological Survey, who were working in the area 
in 1947. Drilling and water well data were freely given by 
the many residents in the area. 


PREVIOUS WORK 


Prior to 1946, published work related to the Altamont 
terminal moraine in North Dakota (the Max moraine of the 
present report) consisted of reports on reconnaissance work 
or on specialized subjects in which the moraine was only in- 
cidental. Nevertheless, even the earliest workers noted the 
abnormal size of the deposit and recognized that its position 
on a bedrock high gives the deceptive appearance of great 
thickness. 

In 1875 Dawson (p. 614) described the Missouri Coteau 
along the international boundary but did not call it an end 
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moraine. Without benefit of detailed field evidence, he made 

the following canny analysis concerning the Coteau: 
“Taking the difference of level between the last Tertiary rocks re:n 
near the eastern base of the Coteau, and those first found on its west- 
ern side, a distance of about 70 miles, we find a rise of 600 feet. The 
slope of the surface of the underlying rocks is, therefore, assuming it 
to be uniform, a little less than 10 feet per mile. On and against this 
gently inclined plane the immense drift deposits of the Coteau hills 
are piled.” 

In 1883 Chamberlin (p. 396) prefaced a description of 

“Moraines of the Missouri Coteau” with: 
“To prevent possible misunderstanding, it may be distinctly and quite 
positively asserted that this great Coteau is not mainly a drift accumu- 
lation, but a pre-existent plateau of chiefly Cretaceous rock, which 
was carved into all its grander features in preglacial times by drain- 
age erosion. The effect of glaciation has been to grind off something 
of the roughness of its exposed faces, to fill up its creases, and to 
heap upon it, in an irregular, bunchy manner, the glacial debris, in 
the form of morainic hills. These hills, while very notable objects in 
themselves, owe their general elevation and much of their individual 
prominence to the concealed Cretaceous terrain beneath. The promi- 
nence which the old underlying plateau, with its preglacial inequali- 
ties, gives to certain portions of the drift, and the influence exerted 
by it in effecting exceptional local accumulation, resulted in special 
moraine-like aggregations that are to be discriminated from those 
which mark the extreme edge of the ice and constitute the true term- 


inal moraine.” 

It is not clear that the above unqualified statement was meant 
to apply to the whole of the Missouri Coteau because Chamber- 
lin described in detail only the moraines south of the 47th 
parallel and east of the 100th meridian and quoted Dawson’s 
(1875) description for more than 200 miles of moraine trend- 
ing northwest into Canada. Northwestern North Dakota was 
not of easy access before the turn of the century. 

In 1885 Todd (p. 382) also described the Coteau in what 
is now southern North Dakota as being “built mostly of 
Cretaceous clays of the St. Pierre group and capped with 
thin even layers of the Fox Hill northward... .” Wood (1902, 
pp. 844-897) classified the moraine as terminal and speculated 
on the nature of the erosion surface of the bedrock underlying 
the glacial deposits with the statement: 

“It does not seem unlikely that the surface of the county was more 
or less broken in a manner approaching that of the bad lands. The 


banks of the streams were generally steep; sharp slopes prevailed 
everywhere, and the butte was the common type of hill” 


The county mentioned was the old Ward County, which was 
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larger than at present and included that portion of Burke 
County shown in figure 2. In 1904 Willard and Erickson 
(pp. 17-18) made the first specific statement regarding the 
influence of the bedrock high (plateau) on the location of 


the moraine. 


“The continental moraine in North Dakota lies in such relation to the 
plateau that it suggests that something more than accident caused the 
moraine to lie just upon the edge of the plateau through a distance 
of 300 miles in North Dakota. The front or edge of the plateau, it has 
been stated before, extends across the state in a northwest-southeast 
direction. The moraine also extends across the state lying almost par- 
allel to the edge of the plateau, and nowhere more than a few miles 
back from the slope which marks the edge of the plateau. Often in 
fact the coteaus or hills of the moraine are encountered immediately 
upon entering upon the higher lands of the plateau top. The accom- 
panying diagram (plate IV) will assist in making clear the relations. 
“The direction of movement of the ice of the great ice sheet in this 
part of North America was probably very nearly at right angles to 
the front of the great plateau, so that the escarpment of the plateau 
served as a dam to hold back the ice in its onward movement, and so 
the moraine occurs along the edge of the plateau because the ice could 


ynot advance beyond this position, a moraine always being formed at 
the edge of the ice sheet.” 


In 1925 Leonard and Eaton measured dips of 23° and 
33° and reported a dip of 45° in a coal seam in the Fort 
Union formation 7 miles south of Alkabo, North Dakota. 
This point is approximately 24 miles southwest of Ambrose, 
North Dakota, and high in the Max moraine. 

In 1932 Alden (pp. 126-129) described the moraine and 
quoted from a description by Dawson; on the map attached 
to the report, the moraine is classified as terminal. In a 
diagrammatic cross section through the Minot region, Andrews 
(1939, p. 61) postulates a bedrock high of the Fort Union 
formation under the so-called Altamont moraine. The maxi- 
mum thickness of the moraine as shown on the same diagram 
is about 140 feet. Five hundred miles of the moraine extending 
northwest from the boundary of Canada is called Altamont 
by Bretz (1943). Howard, Gott and Lindvall (1946, pp. 1204- 
1205) report, “Fort Union beds, including coal, are exposed 
at and near the crest of the so-called Altamont terminal 
moraine in northwestern North Dakota” and suggest, “the 
topographic prominence of the moraine in this area may, 
therefore, be due to a high in the bedrock surface rather than 
to an unusually thick accumulation ‘of drift.” In an unpub- 
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lished report, Lemke cites an outcrop of coal high in the 
moraine a few miles southeast of the area shown in figure 2. 
Since that report was prepared, he further states’ that the 
Fort Union formation crops out high in the Max moraine 
about 40 miles southeast of Minot, and indirect evidence in- 
dicates that it is present at shallow depth along much of the 
length of the northeast-facing escarpment in this area. He 
suggests that the prominence of the moraine is due to its 
position on a bedrock plateau. 

The publication of the abstract by Howard, Gott, and 
Lindvall (1946) marks the beginning of reports on detailed 
work in and around the so-called Altamont terminal moraine 
(Max moraine). They called the moraine terminal, prefaced 
the word Altamont with the term “so-called,” and implied 
that even though earlier workers believed bedrock to be high 


under the moraine, the theory needs the support of de- 
tailed study. 


TERMINOLOGY 


Misuse of the term Altamont.—The Altamont moraine was 
named for the town of Altamont, South Dakota. In the vicinity 
of its type locality it is a relatively small, typical terminal 
moraine, arcuate in shape and more or less well defined 
(Leverett, 1922; 1932). The northwest end of this moraine 
is approximately 200 miles southeast of the nearest part of 
the huge range of morainic hills trending northwest from 
near Bismarck, North Dakota. Although Chamberlin’s map 
(1883, plate XX XV) showed the two deposits to be distinctly 
separate and dissimilar in outline, early workers, concerned 
with reconnaissance of wide areas, carried the term Altamont 
northwest. Apparently they thought that the moraine in 
North Dakota and the Altamont moraine were part of the 
same drift border and were the same age. Wood (1902, pp. 
89-90), Leonard (1904, p. 175) and Alden (1932, pp. 126- 
127) state that the Altamont moraine has been traced through 
northwestern North Dakota, but they do not indicate by whom 
the work was done. Andrews (1939, p. 63) also calls the huge 
range Altamont, and Bretz (1943) shows the Altamont mo- 
raine trending northwest for more than 500 miles in Canada. 

Thus, the term Altamont appears to have been used er- 

1 Lemke, R. W., oral communication, 
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roneously for the moraine in North Dakota. Although the 
true Altamont moraine might eventually be proved to be the 
time equivalent of the moraine in northwestern North Dakota, 
the two are topographically separate and dissimilar. 

Plans for reclamation and development of the region have 
stimulated new interest in the area northwest of Bismarck, 
resulting in a vast amount of both detailed and reconnaissance 
mapping. Continued use of the term Altamont causes confusion 
and prevents objective analysis of the larger and more com- 
plex moraine. It is suggested that the term Altamont not be 
applied to the moraine shown on figure 1 as the Max moraine. 

Terminal moraine.—The results of extensive mapping may 
prove in the future that the moraine on the Coteau du Missouri 
is a terminal moraine, but at the present time the anomalism 
of the moraine is demonstrated by three features. First, al- 
though a terminal moraine of great length is quite conceivable, 
one would reasonably doubt that the deposition of morainic 
material over a width of 10 to 25 miles is typical of terminal 
moraines. Second, present evidence shows that bedrock is 
higher in altitude under at least 300 miles of the moraine 
than under areas adjacent to the moraine: evidence of the 
bedrock high is discussed in detail further in this paper. Third, 
an esker is deposited on top of the moraine southeast of 
Noonan, adding further doubt to the terminal character of 
at least this portion of the moraine. In the quotation from 
Chamberlin under “Previous Work” above, it may be seen 
that in 1883 he took particular pains to point out that the 
morainic deposits differ from the true terminal moraine. Until 
a satisfactory explanation is accepted for the combination 
of great width and position on a bedrock high, the moraine 
should be given a name without genetic connotations. 

Max moraine.—In view of the probable misuse of the term 
Altamont, the doubts about the terminal character of the 
moraine, and the large amount of new work being done in the 
area, the writers believe the moraine should be given a new 
name. The name should refer only to general location, leaving 
room for later correlation, genetic definition, possible differen- 
tiation within the deposit, and possible extension of the bound- 
aries of the deposit. 

It is suggested that the name Max moraine be applied to 
the range of morainic hills trending northwest from near Bis- 
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marck, North Dakota, into Canada for a total length of ap- 
proximately 800 miles. The portion of the moraine that is 
in the United States is approximately 300 miles long and is 
typified by the terrain in the vicinity of Max, North Dakota 
(fig. 1). The town of Max is 15 to 16 miles due south of the 
escarpment of the moraine on U. S. Highway 83, and 12 miles 
southwest of the nearest point of the escarpment. 


DESCRIPTIVE GEOLOGY 


Fort Union formation.—The only bedrock exposed in the 
area shown in figure 2 is the Paleocene Fort Union formation, 
a series of discontinuous beds of sandstone, shale, clay, silt, 
and lignite, which underlies all the glacial deposits in this 
region. Further southeast, in the central part of North Da- 
kota, the bedrock under the Max moraine consists of Cre- 
taceous rocks. The exposed beds are essentially horizontal 
in the area mapped, except for those in a long, narrow zone 
approximately 6 miles southwest of Lignite. In this zone the 
beds are closely folded and faulted, in general striking N. 74° 
W. or parallel to the adjacent es:-arpment of the Max moraine. 

The slightly generalized cross sections in figures 3 and 4 
show the relations between the glacial deposits and bedrock. 
The location of drill holes and wells for which reliable data 
are available is shown. Lignite beds are the best criterion in 
this area for identifying the Fort Union formation in drill 
holes and wells. The bedrock surface is shown at the top of 
the lignite where present, although it may be assumed that 
there are clay and silt layers of the Fort Union formation 
above the lignite in most of the drill holes. The cross-section 
lines are approximately normal to the edge of the Max mo- 
raine, and the sections are drawn in the zone along the Max 
moraine-ground moraine contact. This is a critical zone be- 
cause the difference in elevation between ground moraine and 
Max moraine is marked, and it is here that one might expect 
to detect the inclined surface of the bedrock. 

It is evident from figures 3 and 4 that the Fort Union for- 
mation in the vicinity of Crosby is at a higher altitude under 
the Max moraine than under the adjacent ground moraine. 
Figure 5 shows the same relationship southeast along the 
Max moraine. This diagrammatic cross section through the 
whole moraine is drawn along line A-A’ in figure 1, or nearly 
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perpendicular to the northwest-trending axis of the moraine. 
The cross section is modified from an unpublished detailed 
profile provided by the U. S. Army Engineer Corps. The basis 
of the profile is a series of core borings. 

The upper surface of the Fort Union formation is erosional. 
Pre-Pleistocene valleys filled with till and outwash have been 
exposed in the strip mines near Noonan and Columbus. Wood 
(1902, p. 97) has said that the pre-Pleistocene surface in 
this region resembles badlands topography. The hypothetical 
badlands topography is not shown in the cross sections, al- 
though drill hole and well data throughout the area mapped 


strongly suggest a pre-Pleistocene topography of buttes 
and mesas. 


Bedrock relations in the deep re-entrant in the outline of 
the Max moraine southwest of Crosby (fig. 2) are not typical. 
Here drill holes in the ground moraine plain penetrate several 
hundred feet of glacial material before reaching bedrock. 
The thick depusits of drift probably fill a major valley in 
the erosion surface of the Fort Union formation. Judging 
from the shape of the re-entrant, the buried valley may extend 


south into or even through the area of the Max moraine. 
Alden (1932) postulated that the old channel of the Yellow- 
stone River crossed the area here. The test hole at the 19- 
mile point on figure 5 indicates that the upper surface of 
the Fort Union formation is relatively low. Three additional 


test holes nearby show the existence of a pre-Pleistocene valley 
in this area. 


Maz moraine.—The exact limits of the Max moraine of Late 
Wisconsin age will not be known until many more miles of the 
boundary are mapped in detail. At present the moraine is be- 
lieved to be a topographic unit nearly continuous for 800 miles, 
300 miles of which are in the United States. The general trend 
of the deposit is northwest from near Bismarck, North Dakota, 
and the work of Bretz (1943) is cited as evidence that the 
deposit is present over a distance of approximately 500 miles 
in Canada. When considered in their entirety, the boundaries 
on the proximal (northeast) and distal (southwest) sides 
are probably roughly parallel, but owing to crenulations in 
these boundaries, the width of the deposit is in places less than 
10 miles, and at its widest, more than 25 miles. The average 
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width is approximately 18 miles; south of Ambrose the mo- 
raine is at least 24 miles wide. 

The moraine consists of a mass of irregularly arranged 
knobs, hills, and ridges between which are kettles, enclosed 
depressions, sloughs, and lakes. The topography completely 
lacks integrated drainage. The smallest of these features is 
barely perceptible; the largest is more than a mile in length. 
Except for a slightly concentric arrangement of some of 
the arcuate ridges, no uniformity or pattern can be discerned 
in the topography. Most of the hills are rounded and show 
no evidence of being eroded. From a distance the moraine ap- 
pears as an escarpment or range with a fairly even horizon, 
but in detail the hills have no common level. The local relief 
is generally 50 to 150 feet, and the average overall relief 
probably exceeds 300 feet. In places the edge of the rough 
moraine is abrupt and marked by an escarpment as shown 
on the cross sections of figure 4. In other places flat plains 
grade gently into the confusion of hills and depressions. 

I. J. Witkind* reports difficulty in mapping the boundary 
on the distal side because the topography of the moraine 
grades almost imperceptibly into the topography of other 
drift deposits. In contrast the proximal side is an escarpment 
clearly discernible in most places. 

The lithology of the Max moraine is typical of’ morainic 
material in the region. The moraine consists predominantly 
of unstratified, pebbly, clay till, but it also contains knobs 
and irregularly included masses of stratified drift with all 
degrees of sorting and stratification. Except for some eskers 
deposited atop the moraine, there is apparently little pattern 
to the location of the water-laid deposits. Boulders are abun- 
dant both at the surface and within the till. 

The cross sections in figures 8, 4, and 5 show that the 
morainic material is generally approximately 100 feet thick in 
the area mapped; where the moraine is known to be thicker 
than 150 to 200 feet, it is suggested that much of the glacial 
material may be filling a pre-Pleistocene valley in the bedrock. 

Ground moraine.—Ground moraine covers wide areas north- 
east of the Max moraine. The surface of this ground moraine 
is generally flat or slightly undulating with shallow undrained 
depressions. Near the Max moraine the surface is gently in- 

2 Witkind, I. J., Personal communication. 
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clined upward toward the hills. ‘The maximum local relief is 
about 100 feet; the average is less than 40 feet. Kames, 
eskers and deposits of dune sand are scattered over the area. 
These and the Pleistocene drainage valleys cut in the surface 
break the monotonous flatness. 

The ground moraine has essentially the same lithology as 
the end moraine except that boulders are less abundant. 

Drill hole and well data indicate that the average thickness 
of the ground moraine in the vicinity of Crosby is approxi- 
mately 25 feet except locally where the till has filled shallow 
pre-Pleistocene valleys in the erosion surface of the Fort 
Union formation. In areas to the southeast, however, it is 
probably as thick or thicker than that of the Max moraine. 
Deep valleys in the underlying bedrock are probably filled 
with outwash deposits that are mantled with ground moraine. 
An example of this is shown at the north end of cross section 
B-B’ of figure 3 where the queries indicate doubt that the 
great depth of glacial material is ground moraine . 

In addition to this relatively detailed work, Leonard and 
Eaton (1925), and Howard, ‘Gott, and Lindvall (1946) report 


that beds of the Fort Union formation are exposed high in 
the Max moraine. 


ORIGIN OF THE BEDROCK HIGH 


The question of character and origin of the bedrock high 
follows evidence that it exists. Badlands topography is com- 
mon in beds of the Fort Union formation exposed today, and 
the supposition that similar topography is concealed in the 
Crosby area by glacial deposits is supported by drill hole 
and water well data from in and around the Max moraine. 
Regarding origin, the bedrock high may be a plateau or 
similar high area of buttes and mesas that was simply eroded 
more slowly than surrounding areas, but the zone of folding 
and faulting southwest of the town of Lignite indicates a pos- 
sible structural control. This area has been described (Town- 
send, 1950, p. 1552) in detail, and the features are only 
summarized here. The deformation appears to be of deep- 
seated origin. The general trend of the folds and faults is 
remarkably parallel to the trend of the escarpment of the 
Max moraine, which is approximately 2 miles southwest. The 
escarpment is steep and its. northwest trend is very straight 
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in this area. Structural deformation that occurred prior to 
Pleistocene time may have created the bedrock high on which 
the Max moraine was deposited. In addition to the deformed 
strata rear Lignite, Leonard and Eaton (1925) note the 
steep dip of a coal seam that crops out high in the Max 
moraine 24 miles southwest of Ambrose. This suggests that 
structural control of the bedrock high extends to a point at 
least 50 miles west of the deformed beds near Lignite. 


ORIGIN OF THE MAX MORAINE 


The bedrock high was almost certainly a barrier to exten- 
sive advance of glaciers, and was thereby a complicating factor 
in the Pleistocene history of the region. The following general 
steps are proposed for the history of Late Wisconsin glacia- 
tion in the area of the Max moraine: 

1. Advance of the glacier beyond the Maz moraine.—De- 
posits of drift are present on the distal side of the Max mo- 
raine. Although it is not definitely known whether these de- 
posits represent the same glaciation as the Max moraine or 
separate advances of the Wisconsin or an earlier stage, Benson*® 
states that he can prove at least three advances during Wis- 
consin time and possibly an earlier advance in the Knife River 
area on the distal side of the Max moraine. The writers were 
unable to find evidence for two or more glacial advances in the 
Crosby area. In any case, ice that flowed over the bedrock high 
either remained such a short time or was so poorly charged 
with rock debris that it left no great drift deposits comparable 
in magnitude to the Max moraine or other deposits that are 
on its proximal side. 

2. Retreat of the margin of the ice to the vicinity of the 
bedrock high.—After the initial advance of the glacier beyond 
the bedrock barrier, the margin receded to the vicinity of 
the Max moraine. 

3. Deposition of Max moraine.—Evidence is lacking for 
the two critical factors in the classification of the moraine: 
(1) the length of time the margin of the ice remained in the 
vicinity, and (2) the mode of deposition of the material. 

In the broadest sense, an end moraine is simply a thickening 
of drift deposits representing a pause in the movement of a 
glacier. It has been previously stated that ground moraine 

8 Benson, William E. B., personal communication. 
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on the proximal side of the Max moraine is in places as thick 
as or even thicker than deposits of the Max moraine. In addi- 
tion, owing to the bedrock high, the Max moraine is thinner 
than might be suspected. Therefore, the writers suggest that 
the Max moraine may be a special type more nearly related 
in extent and mode of deposition to ground moraine than to 
end moraine. 

Very little is known about the mechanics of deposition of 
unstratified drift, particularly till consisting predominantly 
of clay. If the margin of the ice remained in the vicinity of 
the Max moraine for any significant length of time, or if the 
ice were considered stagnant during deposition of the moraine, 
one might reasonably expect to find more stratified drift 
deposits in the area. Without evidence for a pause in the re- 
treat of the ice, the writers suggest that the Max moraine 
may have been deposited largely by ablation. The extremely 
rough topography of the Max moraine would then presume 
an uneven distribution of the rock material carried in the ice. 
The effect of the bedrock high and its irregular surface was 
to disrupt the flow of ice sufficiently to cause localization of 


the rock material carried in the ice. The disruption would be 
particularly effective in the basal portion of the ice where most 
of the load is believed to be carried (Flint, 1947, p. 75). 
4. Retreat of the margin and deglaciation.—Ablation pre- 
vailed, blocks of ice were stranded, and kames, eskers, and at 
least the top portion of the ground moraine were deposited. 
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COMMUNICATION 
BIOCHEMISTRY AND EVOLUTION 


Our geological profession has apparently overlooked a small 
book by Ernest Baldwin entitled An Introduction to Comparative 
Biochemistry (1948). Despite its title, this work is, I think, of 
evident interest to paleontologists, students of evolution, and to 
teachers of the historical side of geology. 

Some idea of the contents may be gleaned from the first para- 
graph: “It is generally believed to-day that life began in the sea. 
Many arguments have been advanced in favour of this belief, 
arguments too numerous and too diverse to be detailed here, but, 
as we shall see in the ensuing chapters, many of the facts about 
present-day life can best be explained on the supposition that life 
was indeed cradled in the sea. From the first primitive living things 
there evolved more and more complex forms, some of which died 
out, some remained ocean-dwellers and others moved on to live 
in fresh water and even on dry land. Changes in the nature of 
the environment have been associated with innumerable modifica- 
tions in the patterns of life. Many adaptive changes of structure, 
behaviour and so on have been described, and it is the purpose of 
this book to draw attention to some of the biochemical modifica- 
tions which have been associated with environmental changes.” 
The author has carried out this promise in brief and simple 
fashion. 

The first three chapters (pp. 1-45) are completely general; 
they certainly contain as much geology as biochemistry. Topics 
are: the origin of life, population of fresh waters, regulation of 
osmotic pressure (with reference to early and recent teleosts and 
elasmobranchs) and problems of colonization of the land. The 
information is simply put, but it is in condensed form, not easy 
to review. 

For me, the remaining chapters (pp. 46-152) have a sort of 
neutral quality. I can read most of the material with some under- 
standing, ocvasionally with interest. Chapter four (pp. 48-50) 
gives some supplementary deta about the habitat of teleosts and 
elasmobraachs; on p. 52 there is a note on relationship of turtles 
to other reptiles and amphibia as shown by their waste products; 
and (pp. 55-56) something of the bearing of biochemistry on 
the theory of recapitulation. Chapter five (pp. 70-75) has a brief 
review of possible invertebrate sources of the chordates. Here 
it is shown that a special chemical—creatine phosphoric acid— 
found in the muscles of vertebrates occurs among lower forms only 
in the echinoderms and Balanoglossus. 
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Chapter six contains little that can be applied to fossils, except 
perhaps a useful lesson (pp. 87-88) on survival of animals in 
foul water. Chapter seven, on animal luminescense, pigmentation, 
and so on, has nothing of direct bearing unless for the few fossils 
showing color patterns. Chapter eight, on nutrition, digestion, and 
on metabolism and the environment, is of rather general interest. 
On pages 122-128 the author discusses the different food require- 
ments of piants and animals, and speculates about the early forms 
of life. At present, animals are dependent (directly or indirectly) 
on plants for synthesizing a number of their food requirements— 
but was that always true? The author thinks that animals were 
at one time independent (autotrophic) and that since then they 
have become more exacting and less and less independent. 

This book of Baldwin's has apparently been overlooked, since 
it is not referred to in the most likely places. It has gone through 
three editions—1987, 1940, and 1948—and most of the material 
directly applicable to geology appears in the earlier editions as 
well. Romer (Vertebrate Paleontology, 1945) does not refer to it, 
as I should think he would had he known of it. Neither does he 
mention it in his work on the early fishes in Quarterly Review of 
Biology for 1946. In this article he refers to Homer W. Smith, who 
is also cited with appreciation by Baldwin. But Baldwin is not 
mentioned by Smith (19389, 1943). In the same volume of the 
Quarterly Review there is a paper by Gregory on the origin of 
the vertebrates. Baldwin is not referred to, although it seems 
thet the information on chemicals in echinoderm and Balanoglossus 
muscles is pertinent. But this neglect, or at least disregard, is not 
one-sided: Baldwin gives no reference to Romer, or Gregory, or 
to any other paleontologist. In extenuation, one would not expect 
an extensive bibliography in a book of this kind. Even so, it would 
have been reassuring to meet some familiar names. 

To repeat, though my researches have been trivial, I believe 
that Baldwin's book has escaped attention, possibly because of its 
partially misleading title. It is a simple account, written in an 
effortless style, with a sufficient though small number of effective 
diagrams. It may be unfair to complain, but the index is in- 
adequate. 

Perhaps a major appeal of this and similar books inheres in 
our tendency to accept conclusions from other fields more readily 
than from our own. If this be error. Baldwin has led me simply 
and pleasantly into the pitfall. 


Lincoln Dryden 
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REVIEWS 


Catalog of the Termites (Isoptera) of the World; by Tuomas 
E. Swyper. Smithsonian Miscellaneous Collections, vol. 112 (whole 
volume). Pp. 490. Washington, 1949 (Smithsonian Institution) .— 
There is a pressing need for catalogues on a world basis for 
major taxonomic groups of animals. Most of the relatively few 
which exist for orders of insects are out of date. The comprehensive 
treatment of the world termites which Dr. Snyder has assembled 
after many years of study is therefore a valuable new feature 
among the reference sources of entomology. Paleontologists will 
find useful the last section, in which all known fossil termites have 
been catalogued. The seventy placeable fossil species fall into 
twenty-nine genera in six families. 

For each species are given: a list of synonyms, the type localities, 
the location of each known type, the described castes, the distri- 
bution, and the general biogeographic zone. The precise page and 
figure reference for every name is given. Valid names are in bold- 
face type, and junior synonyms are in italics. However, an obvious 
criticism which must be made of the type-face design is that the 
current name, standing at the head of the synonymy, is not dis- 
tinctive in type or position, and it is inconvenient to find rapidly 
the beginning of each new species listed. 

Full synonymies of names of categories higher than species are 
also given, and the type species is stated for every genus. Dr. 
Snyder uses the orthography “generitype,” which is new in the 
literature, as far as the reviewer is aware. This brings up a new 
problem for nomenclaturists. “Generotype” has become increasingly 
common in recent years in competition with the old “genotype,” 
which is etymologically invalid in derivation from “genus” and 
which is an undesirable homonym of the important genetic term. 
While ‘-i-” is the usual connective for compound words when the 
roots are of Latin origin and “-o-” when the roots are of Greek 
origin, this is not an invariable rule, and the ancient Roman writers 
apparently formed derivatives of “genus” with “-o-.” 

Included in the catalogue are descriptions of ten new genera, 
all under the authorship or co-authorship of A. E. Emerson. One, 
Parastylotermes, is erected for two fossil species, from Baltic 
amber and from the Miocene Latah formation. 

The concluding parts are an index to species names and a very 
extensive bibliography with separate sections for references on 
living forms and for the fossil literature. 


CHARLES L. REMINGTON 


Elements of Optical Mineralogy, An Introduction to Microscope 
Petrography, Part II, Descriptions of Minerals, 4th ed.; by 
Atexanper N. Wincuett, with collaboration of Horace Win- 
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CHELL. Pp. xvi, 551; 427 figs. New York, 1951 (John Wiley & 
Sons, Inc., $12.50).—This new edition of Winchell’s long standard 
Descriptions of Minerals brings up to date, in the most compact and 
useful available form, data required constantly by all professionally 
concerned with minerals. That the revision is thoroughgoing is im- 
mediately apparent. Some change is found on almost every page, and 
the discussions of many minerals, magnetite, for example, have been 
extended and much revised. The revision extends even to such 
details as mineral locations. The recent literature has been fully 
utilized in bringing the work up to date, with the addition of many 
new references. It is always somewhat depressing to see revisions 
issued with the date of reissue as essentially the only new item. 
Distinctly this new edition does not fall in that category. 

While the book follows the general pattern of earlier editions, 
much new material is incorporated, and the list of minerals in- 
cluded is lengthened by the many described since the preceding 
edition. The diagrams which zelate composition and optical proper- 
ties, characteristic of Winchell’s work, have been augmented, 
reflecting not only advance in information scattered in various 
contributions, but also the careful and painstaking compilation 
and synthesis of new data into usable and convenient summary. 

Since the 1983 edition many new X-ray data have been gathered. 
In the light of these data, the structural classification of the 
earlier edition has required revision. In this volume all silicates 
are included in the structural classification; some, of course, are 
tentatively placed. X-ray data available have been noted for each 
mineral under the heading of structure. 

The adoption of N,, N,, and N, is an improvement, and the 
application of Schuster’s rule for determination of sign of extinc- 
tion angles to all minerals is another. 

The discussion of feldspars has been revised and extended some 
seven pages, with the introduction of new diagrams. Especially 
noteworthy in this section on feldspars is the discussion of Nieu- 
wenkamp’s method of determination of the An content of twinned 
plagioclase with presentation of a convenient data form and 
the required diagrams. 

The illustrations are well drawn and clearly reproduced. Some 
woud be more useful in larger reproduction. Additional photomicro- 
graphs might be desirable. 

Although one recognizes the increased costs of production and 
distribution, one nevertheless regrets that this volume, indispens- 
able to every petrographer and mineralogist, had to be priced 
so high. JOSEPH M. TREFETHEN 
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PUBLICATIONS RECENTLY RECEIVED 


U. S. Geological Survey Bulletins as follows: 955-E, Fluorspar Prospects 
of Montana; by C. P. Ross ($1.00). 963-B, Copper Deposits of the 
Prince William Sound District, Alaska; by F. H. Moffit and R. E. 
Fellows ($ .75). 963-C, Garnet deposits near Wangell, Southeastern 
Alaska; by C. T. Bressler (1.00). 974-A, The 1949 Summit Eruption 
of Mauna Loa, Hawaii; by G. A. Macdonald and J. B. Orr ($ .20). 
976-C, Geophysical Abstracts 142, July-September 1950; by M. C. Rab- 
bitt and S. T. Vesselowsky ($ .25). Washington, 1950. 

U. S. Geological Survey Water-supply Papers, as follows: 1092, Surface 
Water Supply of the United States, 1947, Part 12. Pacific Slope Basins 
in Washington and Upper Columbia River Basin; C. G. Paulsen, Direc- 
tor. 1095, Surface Water Supply of Hawaii, 1946-47 ($ 35). Wash- 
ington, 1950. 

U. S. Geological Survey Professional Papers, as follows: 221-G, Pre- 
Wisconsin Soil in the Rocky Mountain Region, a Progress Report; by 
Cc. B. Hunt and V. P. Sokoloff ($ .15). 142-1, The Molluscan Fauna 
of the Alum Bluff Group of Florida, Part IX. Index to Chapters 
A.-H.; by Julia Gardner ($ 35). Washington, 1950. 

U. S. Geological Survey: 231 Topographic Maps. 

Summary of Water-flooding Operations in Illinois, 1950; by Frederick 


Squires et al. Illinois State Geological Survey Circular 165. Urbana, 
1950. 


Stratigraphy and Sedimentation; by W. C. Krumbein and L. L. Sloss. 
San Francisco, 1951 (W. H. Freeman and Company, $5.00). 

The (Golden Gate; by Fred S. Spier. New York, 19%1 (Terrace Publishers, 
Inc., $3.00). 

Voleanic Geology, Hot Springs, and Geysers of Iceland; by Tom. F. W. 
Barth. Carnegie Institution of Washington Publication 587. Washing- 
ton, 1950 ($5.00 paper bound, $5.50 cloth bound). 

Introduction to Servomechanisms; by A. Porter. Methuen’s Monographs 
on Physical Subjects. New York and London, 1951 (John Wiley & 
Sons, Inc., and Methuen & Co., Ltd., $1.75). 


U. S. Geological Survey Water-supply Papers as follows: 1067, Geology 
and Ground-water Resources of St. Croix, Virgin Islands ($1.25). 1068, 
Wells and Water Levels in Principal Ground-water Basins in Santa 
Barbara County, California. Washington, 1950. 

Cloud Physics; by D. W. Perrie. New York and Toronto, 1950 (John 
Wiley & Sons, Inc., and University of Toronto Press, $4.50). 

Semi-conductors; by D. A. Wright. Methuen’s Monographs on Physical 


Subjects. New York and London, 1951 (John Wiley & Sons, Inc., 
and Methuen & Co., Ltd., $1.75). 


Physics in Chemical Industry; by R. C. L. Bosworth. New York and 
London, 1950 (Macmillan and Co., Ltd., $12.75). 


ERRATUM 


In Robert O. Bloomer’s article “A Folded Overthrust Fault 
and Its Effect Upon Stream Development in Central Virginia,” 
Volume 249, September, 1951, figure 3, p. 644, and figure 5, 
p- 649, unfortunately were reversed. 
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